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The Mathews barrel, containing all working parts of the hydrant, is 
readily removed for inspection or repair by simply unscrewing it from 
the elbow and withdrawing it through the protection case. 


I want you to see for yourself 
how the Mathews replaceable barrel 
is a real community asset 


I can show you easily and quickly with this scale model. See? When 
a Mathews is broken by a skidding automobile, you can slip in 
a new barrel in a matter of minutes, and without excavating. It’s 
a real safety feature for the community—allows only momentary 
interruption of neighborhood fire protection. 
And these additional quality features help keep the Mathews at 

the head of the line: 

Compression-type valve opens against water pressure— 

a positively leakproof construction 

Operating thread cannot be bent 

Head revolves 360° just by loosening bolts 

Nozzle sections are changeable 

Nozzle levels can be raised or lowered without excavating 

Bell, mechanical-joint or flange-type connections 

O-Ring seal furnished when specified 


MATHEWS HYDRANTS— by 


R. D. WOOD COMPANY 


Public Ledger Building, Philadelphia 5, Pa. 
Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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If Peter Minuit were alive today probably nobody would be more surprised 
than he at the extent of the bargain he made with the Indians for Manhattan. 
His $24 investment now has an assessed valuation of more than $7,000,000,000. 


But no one should be surprised at the value offered by LOCK JOINT 
CONCRETE PRESSURE PIPE. For a great many years the low first cost 
of this pipe has been assured by keen competitive bidding, its simplicity and 
speed of installation have helped to reduce construction costs, its record for 
dependable, trouble-free service has been unexcelled and its operational and 
maintenance costs have been minimal. 


What more can you ask in the way of a bargain? 
Highest quality, low cost, best service, least main- 
tenance—that’s LOCK JOINT CONCRETE 
PRESSURE PIPE. 


LOCK JOINT PIPE CoO. 
East Orange, New Jersey 


Sales Offices: Chicago, Ill. - Columbia, S.C. » Denver, Col. + Detroit, Mich. » Hartford, Conn. - Kansas City, Mo. « Perryman, Md. 
Pressure Water Sewer REINFORCED CONCRETE PiPE Culvert - Subaqueous 
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NOW! THE FIRST TRANSISTORIZED 
SUPERVISORY CONTROL SYSTEM PAYS OFF IN... 


POWER SAVINGS up to 95% ¢ SPACE SAVINGS up to 50% * MAINTENANCE 
SAVINGS . .. no tubes to heat up or replace « INCREASED RELIABILITY .. . 
new circuit design ¢ LONGER LIFE . . . transistor life up to 10 times that 
of tubes. 


Here’s the most advanced, benefit-packed system ever offered for centralizing 

and remote-controlling waterworks and sewage treatment operations . . . the 

Builders-Providence Synchro-Scan® Supervisory Control System! 

This service-proved system utilizes transistorized audio-tone transmission for 

greater “dollar-in-the-pocket” appeal. 

Request Bulletin 240-P2A . . . see how your system can be controlled (inter- 

ference-free) over a single circuit through compact, “plug-in” units offering 

ease of assembly, interchangeability, installation, and system expansion. Write 
, Inc., 365 Harris Avenue, Providence 1, Rhode island. 


@BUILDERS-PR OVIDENCE 
B-I-F INDUSTRIES 
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COMING MEETINGS 


Vol. 50, No.2 


Dallas, Tex. 


returnable to AWWA. 


AWWA ANNUAL CONFERENCE 


Official reservation forms have been mailed to all members and are 


Apr. 20-25, 1958 


AWWA SECTIONS 
Winter-Spring Meetings 


Feb. 13—New Jersey Section Win- 
ter Luncheon Meeting, at Essex 
House, Newark. Secretary, A. F. 
Pleibel, Dist. Sales Mgr., R. D. Wood 
Co., 683 Prospect St., Maplewood. 


Mar. 12-14—Kansas Section, at 
Lamer Hotel, Salina. Secretary, 
Harry W. Badley, Representative, 
Neptune Meter Co., 119 W. Cloud, 
Salina. 


Mar. 20-22—Montana Section, at 
Florence Hotel, Missoula. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of Environmental Sanitation, 
State Board of Health, Helena. 


Mar. 23—25—Southeastern Section, 
at Dinkler-Plaza Hotel, Atlanta, Ga. 
Secretary, N. M. deJarnette, Engr., 
Div. of Water Pollution Control, State 
Dept. of Health, 309 State Office Bldg., 
Atlanta, Ga. 


Mar. 26—28—New York Section, at 
Van Curler Hotel, Schenectady. Sec- 
retary, Kimball Blanchard, Riversville 
Rd., Greenwich, Conn. 


(Continued on page 8) 


Mar. 26—28—lIllinois Section, at La- 
Salle Hotel, Chicago. Secretary, 
Dewey W. Johnson, Research Engr., 
Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago. 


Apr. 16-18—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secre- 
tary, Rupert C. Ott Jr., Neptune Me- 
ter Co., 2818—2I1st St., Columbus. 


May 15-17—Pacific Northwest Sec- 
tion, at Davenport Hotel, Spokane, 
Wash. Secretary, Fred D. Jones, Asst. 
Supt., Water Dept., 306 City Hall, 
Spokane, Wash. 


May 15-17—Arizona Section, at El 
Conquistador Hotel, Tucson. Secre- 
tary, Stanford I. Roth, Supervisor of 
Water Collections, Div. of Water & 
Sewers, Phoenix. 


Jun. 1-4—Canadian Section, at 
Royal York Hotel, Toronto, Ont. 
Secretary, A. E. Berry, Gen. Mgr. & 
Chief Engr., Ontario Water Resources 
Commission, Parliament Buildings, 
Toronto. 


Jun. 25-27—Pennsylvania Section, 
at Hotel Lawrence, Erie. Secretary, 
L. S. Morgan, Div. Engr., State Dept. 
of Health, Greensburg. 
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How a Four-Man Crew 
laid 1500 feet a day of 


CLOW Bell-Tite pipe 


‘through Florida swampland 


CLOW cast iron pipe, with the sensational Bell- 
Tite joint, proved its advantages conclusively in 
this Clearwater, Florida, installation. 

That a four-man crew was able to lay this 
CLOW Bell-Tite pipe at 1500 feet a day under 
these adverse conditions is definite evidence of 
the time, labor and money-saving advantages of 
this CLOW-designed joint. Two men worked in 
the trench—often in 3 feet of water. One man 


lubricating and aligning the joints, the other 
assembling with a pinch bar. A crane operator 
and a hook-up man completed the crew. 

CLOW Bell-Tite forms a pressure-tight joint— 
instantly—no bolts or follower glands required. 
Under practically all conditions, it is the fastest, 
easiest and most economical pipe for water main 
installation. Underwriters’ Laboratories Inc. 
listed in diameters 3- through 24-inch. 


Under-water assembly of 8° Bell-Tite pipe at Clearwater, Fla. 
Contractor: Hancock Pipe Company, Clearwater, Fla. 


ff & Shows simple assembly 
JAMES B. CLOW 2 S6NS, i 
, tne. 
201-299 North Talman Avenue, Chicago 80, IIlinois Subsidiories: 
Eddy Velve Company, Waterford, New York 
lowe Valve Compeny, Osketoose, lowe 
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Coming Meetings 


Fall Meetings 
Sep. 8-10—Michigan Sec., Grand Rapids. 
Sep. 10-12—New York Sec., Lake Placid. 
Sep. 17-19—Ohio Sec., Cleveland. 
Sep. 17-19—Wisconsin Sec., Wausau. 


Sep. 22-24—Kentucky-Tennessee Sec., 
Memphis, Tenn. 


Sep. 24-26—North Central Sec., Duluth, 
Minn. 

Sep. 28-30—Missouri 
City. 

Oct. 15-17—Iowa Sec., Des Moines. 


Oct. 23-24—West Virginia Sec., Charles- 
ton. 


Oct. 23-25—New Jersey Sec., Atlantic 
City. 
Oct. 28-31—-California Sec., Los Angeles. 


Oct. 29-31—Chesapeake Sec., Wilming- 
ton, Del. 


Nov. 5-7—Virginia Sec., Richmond. 


Nov. 10-12—North Carolina  Sec., 
Greensboro. 


Sec., Jefferson 


OTHER ORGANIZATIONS 


Feb.Apr.—Short courses sponsored by 
R. A. Taft Sanitary Engineering Cen- 
ter: Detection and Control of Radio- 
active Pollutants in Water (Feb. 24- 
28), Advanced Training for Sanitary 
Engineers in Water Supply and Water 
Pollution (Mar. 3-14), Sanitary Engi- 
neering Aspects of Nuclear Energy 
(Mar. 17-28), Basic Radiological 
Health (Apr. 28-May 9). Apply to: 
Chief, Training, R. A. Taft Sanitary 
Engineering Center, 4676 Columbia 
Pkwy., Cincinnati 26, Ohio. 


Feb. 13-15—National Society of Profes- 
sional Engineers, Michigan State 
Univ., East Lansing, Mich. 


(Continued from page 6) 


Feb. 24-28—American Society of Civil 
Engineers, Hotel Sherman, Chicago, 
Ill. 


Mar. 2-7—Texas Water & Sewage 
Works Assn. Short Course, Texas 
A&M College, College Station, Tex. 


Mar. 17-18—Steel Founders’ Society of 
America, Drake Hotel, Chicago, IIl. 


Mar. 17-21—4th EJC Nuclear Engineer- 
ing & Science Conference and Interna- 
tional Atomic Exposition, International 
Amphitheater, Chicago, III. 


May 5-7—Purdue Univ. Industrial 
Waste Conference, Purdue Memorial 
Union Bldg., Lafayette, Ind. 


May 12-14—Analysis Instrumentation 
Div., Instrument Society of America, 
Shamrock Hilton Hotel, Houston, 
Tex. For registration information 
write: H. S. Kindler, ISA Director of 
Technical Programs, 313—6th Ave., 
Pittsburgh, Pa. 


May 30—Jun. 1—European Organization 
for Research on Fluorine and Dental 
Caries Prevention, Brussels, Belgium 
(in connection with World’s Fair). 
For information write: Dr. M. Jo- 
achim, Chairman, Organizing Commit- 
tee of ORCA Congress, 67 Rue de 
Treves, Brussels, Belgium. 


Jun. 
Corrosion Short Course, 


10-12—Appalachian Underground 
School of 
Mines, West Virginia Univ., Morgan- 
town, W.Va. 


Jun. 22-27—American Society for Test- 
ing Materials, Hotel Statler, Boston, 
Mass. 


Sep. 1-13—2nd International Conference 
on Peaceful Uses of Atomic Energy, 
Geneva, Switzerland. 


Oct. 5-9—Federation of Sewage & In- 
dustrial Wastes Assns., Detroit, Mich. 


Oct. 13-17—American Society of Civil 
Engineers, New York, N.Y. 
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ANOTHER GRAVER ANSWER TO A WATER STORAGE PROBLEM 


This 400,000 gallon elevated water tank for Plymouth, Indiana, is another example 
of Graver’s skilled craftsmanship in steels and alloys. Graver’s nationwide organ- 
ization and 100 years of experience in the design, fabrication and erection of all 
types of storage tanks can be of valuable assistance in solving your water storage 


problems, too! Write today for information. GRAVER TANK & MFG.CO..[NC. 


New York « Phiiadelphia + Edge Moor, Del. »« EAST CHICAGO, INDIANA 
Pittsburgh + Detroit + Chicago + Tulsa + Sand Springs, Okla. 
Houston LosAngeles Fontana, Calif. + San Francisco 
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Do you know | this city? 


water works pumps 


play a vital community role in... 


Trenton ... Naturally we are proud of our own 
water works. The De Laval Steam Turbine 
Company has been a vital part of the Trenton 
community since 1901. So for the first ad in this 
new series, we have chosen our rapidly expanding 
“home town” to illustrate the role De Laval 
pumps play in water works all over America. 
Today, in fact, the great majority of American 
cities use De Laval centrifugal pumps. Their : 
design and manufacture are the result of more Write for your 
copies of De Laval 
than 57 years of experience. Units ranging up to Bulletins 1004 and 
100 million gallons per day are available to meet 1005 giving data 
all water works requirements. on these pumps 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 


10 P&R 


Feb. 1958 JOURNAL AWWA 


ION EXCHANGE RESINS for water conditioning 


The water which shields and surrounds this nuclear core is deionized by AMBERLITE Monobed ion exchange resin units. 


At the Suippincport Atomic Power STATION—where 
water conditioning must be efficient . . . dependable... 
fool-proof—AmperLITE Ion Exchange Resins are used. 


In this plant, built jointly by the Duquesne Light Company and the United States 
Atomic Energy Commission, water, specially conditioned, is the medium through 
which atomic energy ultimately becomes electrical energy. 

After preliminary treatment of the water, calcium and magnesium ions are removed 
by two softening tanks containing AMBEeRLITE IR-12U cation exchange resin. The 
water then goes to a mixed bed deionization unit of AMBERLITE Monobed resin (a 
mixture of AMBERLITE IR-120 and IRA-400) which removes both anions and cations. 
The water is now ion-free. Possible pick-up of metallic ions and their build-up is con- 
trolled by passing part of the water used in the plant’s primary loop through a 
separate mixed bed ion exchange unit containing AMBERLITE XE-154 (a specially 
prepared mixture of AMBERLITE [R-120 in the lithium form and AmBerutre IRA-400 
in the hydroxyl form) which raises the pH well above neutrality as a safeguard 
against corrosion. 

Whatever your water conditioning problem, your engineering company specializing 
in water conditioning is qualified by experience to recommend how AMBERLITE 
resins can best serve your special needs. For detailed information about AMBERLITE 
resins, write for our booklet “Jf You Use Water’’. 


Chemicals for Industry 
ROHM & HAAS 


COMPANY 
THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
Representatives in principal foreign : 


AMBERLITE is a trade-mark, 
Reg. U.S. Pat. Off. and in 
principal foreign countries. 
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1956 


1957 


U. S. PIPE AND FOUNDRY COMPANY 


makes friends 


Tyton Joint® pipe was introduced a little over a 

year ago. Since then its acceptance and performance have 
been phenomenal. 

And no wonder. Tyton Joint delivers everything a pipe 
user needs...and then some. It's easy to assemble— even a 
green crew gets the hang of it in no time. 

Only one accessory needed ...a specially designed rubber 
gasket that seats into the bell. When the entering pipe 
slides in, the gasket is compressed to give you a 
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ONLY FOUR SIMPLE ACTIONS 


AIN'T NO 
TELLIN WHA 
| THISLL GO, 
ma! 


> 


everywhere 


permanent, bottle-tight seal. No bell holes. No caulking 

equipment needed. No nuts or bolts to fasten. Gane te . 
No worry about weather, either. You can lay Tyton Ge at oe 

Joint pipe in rain or wet trench. 

Like to know more about “Tyton,” the ingenious pipe 

joint that cuts costs, saves time, sidesteps 

trouble? Call or write today. 


; U.S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES 
AND BLAST FURNACES TO FINISHED PIPE 


INDUSTRIAL SERVICE 
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This 500,000-gallon Waterspheroid stores 500,000 gallons of water and 
serves the Northeast section of the City of Ocala. The tank, used for 
—_— service and fire protection, has a diameter of 55 feet, 6 inches. 

e tank is 132 feet, 6 inches to the bottom capacity line. 

Horton Ellipsoidal bottom elevated tanks, standpipes, reservoirs, 
radial-cone tanks and Waterspheres are also available to meet your water 
storage requirements. Write our nearest office for an estimate or infor- 
mation. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, New Castle, Del., Salt Lake City and Greenville, Pa. 
ATLANTA CLEVELAND NEW YORK SAN FRANCISCO 
BIRMINGHAM DETROIT PHILADELPHIA SEATTLE 
BOSTON HOUSTON PITTSBURGH SOUTH PASADENA 
CHICAGO NEW ORLEANS SALT LAKE CITY TULSA 


In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 
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Want cobwebs on 
your complaint phone? 


Then use Calgon* — for Calgon stops red 


water and lime scale — the two main 
causes of customer complaints. Yes, you 


can turn complaints into compliments, 
because whether the “‘red water’’ comes 
from iron mt at the source, or iron 
dissolved from the pipes by corrosion, 
Calgon treatment is the answer. 

When well waters containing iron and 
manganese are treated with a few parts per 
million of Calgon, the iron and manganese 
are kept in solution and the water is as 
clear at the consumer's tap as it was when 
pumped from the well. 

When red water is caused by iron dis- 
solved from the pipes, it can be prevented 
with Calgon{ treatment because Calgon 
forms a protective film on metal surfaces. 
Moreover, this protective film also reduces 
— tuberculation damage, flows are 
pee high and pumping costs are reduced. 

gon treatment is particularly effective 
after water main cleaning since the 
tective film forms quickly and tubercula- 
tion never gets a chance to start. 

A report of a twenty-four month study 
on the efficiency of Calgon in maintaining 
pipeline flows is prolate: Ask for a 

int of this paper. 
Ph a hone for more information. An 
Cal, —— will be glad 
to detai recommendations on 
your specific 


CALGON company 


Onision OF MAGAN CHEMICALS & CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
IN CANADA: HAGAN COPPORATION (CANADA) LIMITED, TORONTO 
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* Calgon is the Registered Trade Mark of the 
Calgon Company for its glassy phosphate 
(sodium hexametaphosphate) 

t for use Patents 

337,856 2,304,850 and 2 58.228. 


yuna? pt 


This pipe may have To canny 


1978 WATER 


Even today after two decades of rapidly 

advancing costs, many cities have been forced to 
operate without rate increases for periods of 

twenty years or more. What the next twenty years may 
bring in operating costs no one, of course, knows. 

’ It is certain, though, that the water carrying 


installations using concrete pressure pipe will be in the 
best position to keep costs at the very minimum. 


Concrete pressure pipe has virtually complete 

freedom from corrosion, and tuberculation. This means 
not only minimum maintenance costs but also 

means sustained carrying capacity to keep pumping 
costs low. Concrete pressure pipe also has the elasticity 
to resist bursting from surge and water hammer. 

And no other pipe is easier to install. 


- 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 

228 North LaSalle Street 
Chicago 1, Illinois 


WATER FOR GENERATIONS TO COME 


? 
* 
A . j 


| 


HAMMOND 


safe... reliable 


WATER STORAGE 


any size—anywhere 


\ 


Hammond Steel Standpipes, Stee! Reservoirs, Elevated Water Tanks, Water Spheres, 
Filtration and Purification Units for General Water Supply & Fire Protection Systems 

. are built to all standard codes and specifications including those of the American 
Water Works A iati A iated Factory Mutual Fire Insurance Companies, the 
National Board of Fire eartetiine, the Factory | Associati 


Catalog H,O details and describes all HAMMOND Water Storage and Processing Vesso!s . . . Write for your copy 


HAMMOND IRON WORKS 


WARREN and BRISTOL, PA. e PROVO, UTAH 
CASPER, WYOMING ¢ BIRMINGHAM, ALABAMA 


Sales offices throughout the U. S. A.; licensees and sales 
offices in many foreign countries including Argentina, Bel- 
gium, Brazil, Canada, Columbia, Egypt, England, France, Haiti, 
Maly, Netherlands, Peris West, 


¢ | 
| 
4 
% 
| 
| 
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AT TEN PLANTS ACROSS COUNTRY, the Jones Company 
receives tank cars of Chlorine, repackages it in cylinders and 
ton-tanks, makes quick deliveries to users in crea. 


CHLORINE 


Fast delivery on less-than-carload lots 


You get swift delivery—and 
NO storage worries—when you 


Pick Your Own Chlorine turn your Chlorine problem 
Product and Container over to John Wiley Jones Com- 
pany. Ten plants, strategically 


located across the U.S. stand 
ready to supply you. 

Order shipments as small as a 
16-lb. cylinder of liquid Chlorine, 


LIQUID CHLORINE CALCIUM HYPOCHLORITE SODIUM HYPOCHLORITE 
In 16-, 105-,150- (70% available Gallons, carboys. and large With 
Ib. cylinders and Chlorine) 3%4-and Tankwagon de- this flexibility, you eliminate 
1-ton tanks. ries in 1 
storage problems and have com- 
plete protection against sudden 
emergency needs for Chlorine. 
Jones Chlorine is quality con- 
trolled to meet high government 
standards. Our trained technical 
staff will be glad to help you 
solve your Chlorine problem. 
Write for prices. 


JOHN WILEY JONES CO. 


Beech Grove, Ind. Erie, Pa. St. Petersburg, Fla. 

Caledonia, N.Y. Hudson, Wisc. Torrance, Calif. 

Charlotte, N.C. Jacksonville, Fla. Wyandotte, Mich. 
North Miami, Fic. 
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TAKE THE DOUBT 
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OUT OF PIPE BUYING 
Specify Modernized Cast Iron Pipe 


and be SURE! 


6 reasons 
why Cast Iron Pipe 
is #1 choice of U.S.A. 


1. EXTERNAL LOAD RESISTANCE... 
6” Class 150 Pipe withstands « crushing 


load of 17,900 pounds per foot... nearly 
9 tons. 


Cast Iron Pipe effectively resists i 
vital factor in its long life and 
dependability. 


Before you choose any pipe remem- 
ber this important fact . . . it will save 
you many a headache later. 


Tn all the history of water systemis 
no substitute pipe has ever come 
close to matching cast iron pipe’s 
century old record of dependability, 
long life and long term economy. 


Specify cast iron pipe, and your pipe 
worries are over, not just beginning. 
Cast iron’s performance is based on 
PROOF not claims! 


tron Pipe Research Association 


Cast 
Thos. F. Wolfe, Managing Director 
Suite 3440, Prudential Plaze, Chicago 1, Hl. 


FOR MODERN WATER WORKS 


: 2. HIGH FLOW CAPACITY... 
Cement lined cast iron pipe and fittings 
will not tuberculate . . . delivers a full flow 
* for the life of the pipe. 
3 42 North American cities are still using 
2 cast iron water mains laid 100 years and 
; more ago. Hundreds more have passed the 
50 year mark. 
4. BEAM STRENGTH... 
Cost Iron Pipe is inherently tough . stands 
up under heavy traffic load, soil displace- THE MAN WHO CHOOSES ; 
s 5S. CORROSION RESISTANCE... WON'T PAY FOR IT AGAIN 
6. TIGHT JOINTS... 
A full range of leak-proof, low cost, easy- 
; to-assemble joints for pipe and fittings are 
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Engineering 
PLUS ges 


Keeps 
Tank Interiors 
Corrosion Free 
at a 

Practical Cost 


One of the five municipal tanks serving the 
City of Jacksonville, Fla. which has been cath- 
odically protected by E.R.P. system since 1942. 


The City of Jacksonville, Fla. has relied on engineering plus from 
Electro Rust-Proofing Corp. since 1942 to protect water storage tanks 
serving the city. Since installation of cathodic protection, tanks have 
been virtually corrosion free on the under water surfaces and main- 
tenance costs have been reduced to a minimum. 


E.R.P. engineering plus means cathodic protection systems 
designed to meet your needs... 
maintained to your benefit... 
priced to your profit... 


E.R.P. provides engineering plus to meet any corrosion problem of 
submerged or buried metals. For full information on cathodic protec- 
tion for your water storage tanks, water treatment structures and 
pipelines, write for bulletin E-42. 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE &@ TIERNAN INC. 


30 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
CABLE: ELECTRO. NEWARK, N. J. 


22 P&R 
a 
> 
D In 
935 
by 


‘WITH ‘ELITE DIATOMITE 


yours 


An actual installation by Johns-Manville estab- 
lished that a Celite* filter station can be con- 
structed for 55% of the cost of a comparable 
sand filter plant.t 

Diatomite systems not only cut costs, but, under 
comparable conditions, they also improve water 
clarity. For with Celite, turbidity is usually lower 
since more suspended impurities, including all floc, 
amoebae and algae, are removed. In fact in some 
cases, turbidity is so low it can’t be measured. 

Diatomite systems save space, too. To deliver 
the same installed capacity requires a sand filter 
plant 4 times as big. 

Mined by Johns-Manville at the world’s largest 
and purest commercial diatomite deposit, Celite is 
carefully processed for purity and uniformity. It is 


pucst 


§/V| Johns-Manville CELITE Filter Aids 


esse 


Corman 


much 45% 


available in a wide range of grades to deliver the 
best practical balance of clarity and flow rate with 
any suitable filter. For further information see 
your nearby Celite engineer or write for free tech- 
nical reprints and illustrated brochure to Johns- 
Manville, Box 14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


Celite filter aids are composed of 
microscopic, irregularly-shaped 
particles like these. 90°, of a given 
quantity of Celite is composed of 
countless channels and voids that 
trap the finest impurities while per- 
mitting the free passage of clear 
liquid. 
*Celite is Joh 


il 
silica 
bebe. ar tor lor frec 


-YOU CAN GET CRYSTAL CLEAR \ , 
ALY | CLEAR WATER AND... 

| 
wa 
3.45% Bonds | 
\ ay and \ \ ag 
Lie 
mark for. 
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AWWA Standard Short Body and 
Bell Spigot Mechanical Joint 
Watermain Watermain Fittings— 
Fittings—2” 2” through 
through 36”. 

Fits Fluid-Tite 
through Fittings 
16” Class 3” through 
150. 12” Class 
Class 100 150. 


/ TRINITY VALLEY IRON 
AND STEEL COMPANY 


Phone PE 8-1925 Fort Worth, Texas P. 0. Box 664 


: 
 CastiIron 
ter Works Fittings Geer 
Water Wor ng 
; 
«2 Ni 
\ 
} 
‘ 
>) 
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The Safest Meter to Buy is 


Because We Have Freezing Weather 


“American Frost Bottom Meters have complete frost protection—frost- 
separable gear train and chamber, with pre-tested breakable bottom. That 
reduces parts replacement costs, 

to the absolute minimum. | re- 

pair “em. | know American is the 

safest meter to buy.” 


@ In American Meters you 

know in advance what will 

happen in freezing. The frost 

bottom breaks, relieving 

pressure, so that internal 

working parts are not damaged. 

The bottom can be replaced in a 

few minutes. No complicated repair 

jobs. No expensive working parts to 

replace. No extra load on the repair department. 
That's why Repairmen say, “American is the safest to buy!” 


BUFFALO METER CO. 


= 
= 
— 
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EXCAVATION AND PAVEMENT 
REPLACEMENT. 


3= COSTLY REPAIRS INVOLVING 
MAJOR HYDRANT COMPONENTS. 


The Smith Protectop Hydrant is designed to permit rapid return to 
service at minimum cost when a Hydrant is damaged as a result of 
traffic accident. 


The Protectop Hydrant Standpipe and Valve Stem are equipped 


minimizing the damage and permitting speedy return to service 
at low cost. 


All Smith Hydronts ore equipped with Compression Type Valves 
which definitely eliminate flooding since the line pressure holds 
the Valve against its seat in the closed position. 


Write for details. 


THE A.P. SMITH MFG. 


EAST ORANGE. NEW JERSEY. 
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a eS with Special Couplings located just above the ground. The Coup- 
Bea ample factor of safety. Under excessive impact occasioned by 
traffic accidents the Couplings fracture at the design points thus 
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HERE’S COMPLETE, AUTHORITATIVE 
and PRACTICAL INFORMATION on 
* Design * Construction * Maintenance 
of Expansion, Contraction and Construction Joints in Con- 

crete Structures! 


Write for your free copy of this newly published manual on 
concrete joint design and construction. Here’s complete 
information at your fingertips—the whole story on the 
design and use of joints in concrete structures. There’s no 
obligation. 


SERVICISED PRODUCTS CORPORATION 


605) W. 65th Street 


Feb. 1958 
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62 YEARS’ 
PERFECT 
. SERVICE 


and 


MORE! 


VALVES AND 


Photo courtesy of Mr. W. K. Sanders, Superintendent, 
Water and Light Department, Morrisville, Vermont v t on 
att AWWA standards and 
Morrisville, Vermont, installed the are available to fit any 


above EDDY Valve in a water main — af planned in- 
way back in 1895. When uncovered 
recently, it was working perfectly, Send today for full data 
needing only an easily obtained, easily 
installed packing to restore 
it to 100% efficiency. 
On the basis of Eddy’s long time record 
of continuous availability of replacement 
parts—and in the light of innumerable 
cases where EDDY valves and hydrants 
have served perfectly, needing no 
maintenance, for 20, 40, 60 years and 
longer—we feel justified in predicting 
another 62 years’ service for the 
valve shown here. 


Interested in such service for your system? 
Then we invite your inquiry TODAY! 


| > DDY vv: 


A Subsidiary of Jémes B. Clow & Sons Inc. 
WATERFORD, NEW YORK 


= 
- 
— 
a 
q 


Feb. 1958 JOURNAL AWWA 


The superior double-sealing“* single gasket type joint 


Exclusive dual-density rubber gasket provides a 
long-life, leak-free cast iron pipe installation... 


wal i} 


Softer large end for positive compression, 
liquid-tight joint sealing and easy assembly. 
Tests prove either hard or soft rubber section 
alone provides a positive seal. 
The American Fastite Joint* is an all-weather-laying joint. 
The exclusive gasket — available only with Fastite pipe — is 
self-centering, self-locking and leak-proof. Increased internal 
pressures actually increase joint tightness whether pipe is laid 
in straight alignment or deflected. 


Every feature of new American Fastite Joint* Cast Iron 
Pipe has been scientifically designed, laboratory and field 
tested, and manufactured to exact specifications with the 
objective of combining speed and ease of assembly with 
permanent, leak-free joints. Feature for feature, compare the 
new American Fastite Joint* with any other pipe joint now 
available. An American Cast Iron Pipe Company representa- 
tive will be glad to tell you about the unique advantages to 
be had only in American Fastite Joint* Cast Iron Pipe. 


FREE BOOKLET * Patent applied for — Underwriters’ 


Laboratories, Inc., approved. 
Write for your free copy of a new booklet 
describing American Fastite Joint* Cast Iron 
Pipe. No obligation. 


SALES OFFICES 


AST IRON PIPE Co. 
BIRMINGHAM 2, ALABAMA 
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JOINT" CAST IRON PIP 
j big Hard rubber end provides a strong shoulder i By, a 
for self-centering and self-locking —a perma- 
nent seal against cold flow under pressure, : 
fully protected against weathering and de- 
| 
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| 
Kansas City + Denver ; 
Minneapolis + Dallas 
j 
Los Angeles - Birmingham ; 
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where ALOXITE underdrains 
mean economical filtration 


When Cudahy put up its modern plant an important decision was made 
which assured both initial and long-term economy. It was this: Instead 
of graded gravel filter beds, Cudahy chose to support its sand filters with 
ALOXITE® aluminum oxide porous plates. 

ALOXITE plates eliminated the need and cost of graded gravel and other 
types of underdrainage systems. And, most important, they virtually 
eliminated the need for filter repairs, so that the savings will increase 
year after year. Like all ALOXITE plate underdrains they can handle grow- 
ing loads with freedom from mudballs and with minimum loss of head. 
And complete backwashing is accomplished without upset beds. 

Construction of the new filtration plant at Cudahy was under the super- 
vision of James Tiry, Director of Public Works and John Martinek, Water 
Superintendent. Answer your questions about porous media by writing 
for informative 56-page booklet. It’s yours for the asking from: 


CARBORUNDUM 


Registered Trade Mark 
Dept. 0-28, Refractories Division, Perth Amboy, N. J. 
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When measuring through the discharge end of a 
submerged throat or conduit, DEPEND ON... 


WATER WORKS | 
INTAKE METERS 


Sparling Water Works Intake Meters are 
designed to provide efficient and econom- 
ical service. Ideal for a large volume of 
water flowing through the discharge end 
of a submerged throat or conduit. The 
very simplicity and variety of models 
10” to 72”’ available permit wide application. . . 
often using the existing headwalls or sup- 

ports. Propellers may be plastic or stainless depending upon 
installation and use. Maintenance is simple. Available with 
Sparling’s new Indicator-Totalizer 245. Drop pipes can be 
any length. Ideal for use in telemetering systems. 10’ to 72” 


OTHER OFFICES: 
Atlanta Chicago | Na: 
Cincinnati Dallas, Texas Company. 
Denver « Kansas City, Mo. | Address | 
Roselle, N.J. + San Francisco | Gy. Zone 
Seattle Toronto, Can. | | 
| | 

| 


SPARLING METER COMPANY 
Romford, England 225 N. Temple City Blvd. 
El Monte, Calif. 
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TIGHT re JOINTS? 


YOU BET! 


Getting tight joints is simple—USE STEEL PIPE. Steel 

water pipe assures bottle-tight joints for the life of the line. 
When you have steel-tight joints, there is 

no need to over-design water pipe lines to take care 

of costly needless water waste. 

Tight joints cost less to begin with—and actually 

save you money through the years. It’s another good reason 
why you're so smart to specify steel pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3, ILL. 


[FABRICATORS | 
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Select the BEST for SURE Operation 
and LOWER Maintenance Cost 


ROCKWELL — “AWWA” 


puttertly Valves 


@ Drop-Tight Shutoff 
@ Minimum Restriction to Flow 
@ Minimum Pressure Drop 


Made in all 
standard sizes of 
cast iron, cast 
steel, stainless 
steel, bronze 
and other alloys; 


. natural or syn- 

* Non-Clogging thetic 
seat with clamp- 

@ Better Control—Manual or ing segments, or 
Automatic 


ber liner ex- 
tending over 
flange faces. 
Compact, rugged 
construction. 
Manual or auto- 
matic control for 
convenient, easy 


operation. 


Compact—Lighter Weight 
Reduced Installation Space 
Lowest Installed Cost 

Less Maintenance 


Write for Bulletin 574 


Diaphragn Valves 


For controlled throttling or cut-off on 
corrosive or abrasive fluids, or water. 
Dise for positive closure, diaphragm 
for positive sealing. No packing gland 
to leak. Oversized ports; high capacity ; 
low pressure drop. Lower handwheel 
torque and fewer turns to close. Lower 
thrust for automatic operation. Body 
of any metal or with any lining; disc 
and diaphragm of rubber or plastic. 
Sizes—¥,.” to 6”. Write for Bulletin. 


= 
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New Valveless Water Filte: 


_ CONVENTIONAL gravity filter and NEW PERMUTIT VALVELESS Gravity 
hydraulic controls for automatic op- Filter. Completely automatic opera- 
eration. Approximate installed cost tion. Approximate installed cost of 
of a unit that will filter 500,000 gal- a 590,000 gpd unit: 


$11,900.00 


$21,700.00 


Bitty 


HOW IT WORKS: As dirt collects on the sand, in- 
creased head pressure slowly raises the water 
level in the large backwash pipe. See diagram. 
When it spills into the downward section of the 
pipe, it starts a siphon (backwash) flow that 
draws water down from the Storage area and up 
through the sand, ‘floating’ dirt off to waste. 
When backwash water is gone, air enters the 
small tube and stops the siphon. Flow through 
the sand reverses and the first filtered water 
(rinse water) goes to Storage area until full. All 
flow then runs to Service. 


| 
| 
{ 
| 
| 


4 
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eia Saves $§ for Industries, 
Cities, Electric Companies 


Big water users like city water de- 
partments, steam stations, refineries, 
chemical plants and paper mills can 
substantially reduce the cost of their 
water-conditioning equipment and its 
operation and maintenance... by 
adopting a new automatic Valveless 
Filter developed by engineers of the 
Permutit Company (N. Y.). 


The simplified design makes ingenious 
use of the siphon and other hydraulic 
principles to replace expensive valves, 
flow controllers, pumps and hydraulic 
or pneumatic control systems. The de- 
sign also prevents wasteful, excessive 
use of water for backwashing or rins- 
ing. Tanks are shipped set-up to reduce 
installation costs. The absence of mov- 
ing parts virtually eliminates mainte- 
nance costs. 


The Valveless Filter produces uniform, 
high-quality water. It cannot be 
“forced.” Backwashing or rinsing can- 
not be too little or too late . . . or acci- 
dentally run to Service. And the filter 


cannot develop common troubles like 
“cracked” or “upset” beds, “channel- 
ing” or “mudballs.” 


ie Single Valveless Filters or multiple 
conte units for any volume requirement are 
the available. Present installations include 
that units for industrial plants treating wa- 
J up ter for both process and drinking. 

= Send for free descriptive bulletin. Ad- 
ugh dress: The Permutit Company, Dept. 
eter JA-2, 50 West 44th St., New York 


All 36, N. Y. or The Permutit Company of 
Canada, Ltd., Toronto 1, Ontario. 


PERMAUTIT 


rhymes with “compute it” 
a division of PFAUDLER PERMUTIT INC. 
Water Conditioning 
lon Exchange « Industrial Waste Treatment 
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EF'rom here on, 
all you need is a wrench 


Seattle, Washington, engineered this 8585-ft. addition to its growing network of 
Dresser-Coupled steel water lines, All joints on the 40-ft, lengths of 48-inch pipe 
were Dresser-Coupled. The line was laid by Harbor Construction Company. 


No unforeseen delays, no unforeseen costs 

when you join water pipe the Dresser way. 

Non-rigid Dresser Couplings go on fast .. . 

without expensive equipment or specialized 

labor. All you need is a wrench... and with 

long lengths of steel pipe, you need fewer 

joints. Bottle-tight joints make it unneces- 

sary to allow for leakage. Figure your next 

water line with Dresser Couplings ... you 

can calculate your costs accurately ... and =~ 


It takes two man-minutes per 
lower! bolt with a Dresser Coupling. 


Bradford, 
Pennsylvania 
chicago DRESSER 
Houston 
New York 


Toronto 
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Foremost Factor in Community Progress 
an Adequate WATER SUPPLY 


“The future pattern of regional growth and development will 
depend upon the wisdom and foresight of these many State and 
local areas in developing and allocating water resources for opti- 
mum benefit,” says the U. S. Department of Commerce in its Bul- 
letin, “Water Use in the United States, 1900-1975.” 


Projecting future water uses by major categories, this same 
authority estimates that: 


POPULATION served by public water supplies will grow from |1! million in 1955 to 148.8 
million in 1975, an increase of 34%. 


INDUSTRIAL AND MISCELLANEOUS daily average water uses will grow from 60 billion 
gallons in 1955 to 115.4 billion gallons in 1975, an increase of 92.3%. 


STEAM ELECTRIC POWER PLANTS using 59.8 billion gallons daily average in 1955 will 
use 131.0 billion gallons in 1975, an increase of 119%. 


In summation, the total daily average of all these uses is estimated to grow from 262.04 
billion gallons in 1955 to 453.08 billion gallons in 1975, an increase of 72.9%. 


Many progressive communities throughout the U.S.A. are foresightedly expanding their 
waterworks systems in anticipation of largely increased water use. In the overwhelming 
majority of these cities, the pipe used for water system extension is: 


Permanent CAST IRON PIPE 


—because informed officials know it will give the greatest return in terms of century-long, 
trouble-free service and efficient operation_under_a// conditions. 


Gent ie ba OODWARD IRON COMPANY 
mate WOODWARD, ALABAMA 
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Pipe being primed at coating | 


yard specially set up by Koppers 
| Contract Coating Department 
| for a large water supply project. 


37 MAKES ALL THE DIFFERENCE 


Steel water pipe will last much longer 
underground with the armor-like pro- 
tection which a %2” coating of Bitu- 
mastic 70-B AWWA Enamel gives it. 
This corrosion-preventive coating is 
vital to the long-life of water lines. 

Bitumastic Enamel has helped steel 
water lines set high flow capacity rec- 
ords of 40 years and more. Proven per- 
formance is one reason why so many 
water supply engineers are specifying 


steel pipe, lined and coated with Bitu- 
mastic 70-B AWWA Enamel, for their 
projects today. A lining of this enamel 
gives a uniformly smooth inside surface 
that has proved to have the highest 
flow coefficient available. 

You can obtain more information 
about the economies of Bitumastic 70-B 
enameled steel pipe from Koppers Com- 
pany, Inc., Tar Products Division, Dept. 
110H, Pittsburgh 19, Pennsylvania. 


ONLY KOPPERS MAKES 


TUMASTIC 


ENAMELS 


Ey 
rita 
ie 


Feb. 1958 JOURNAL AWWA P&R 39 


“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 
eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 
Since there’s never a charge or obligation to inspect your 
mains, call National now! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street + New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building e BERKELEY, CALIF., 920 Grayson Street @ BOS- 
TON 15, MASS., 115 Peterboro Street e CHARLOTTE, N. C., 533 Hollis Road @ CHICAGO, 
ILL., 8 So. Dearborn Street @ DECATUR, GA., P. O. Box 385 @ EL MONTE, CALIF., 
2024 Merced Avenue @ FLANDEALU, S. D., 315 N. Crescent Street @ KANSAS CITY, MO., 
3707 Madison Avenue @ MINNEAPOLIS, MINN., 200 Lumber Exchange Building @ RICH- 
MOND 21, VA., 2910 W. Clay Street @ SALT LAKE CITY, UTAH, 502 West 3rd Street @ 
SIGNAL MOUNTAIN, TENN., 204 Slayton Street @ VILLA PARK, ILL., 424 S. Yale 
Avenue @ MONTREAL, CANADA, 7445 Chester Avenue @ WINNIPEG, MANITOBA, 
576 Wall Street e BOGOTA, COLOMBIA, Apartado de Correos #5 e@ SAN JUAN 10, 
PUERTO RICO, Manquinaria, A do 2184 @ LIMA, PERU, Bolivar 441-A, Marafi @ 
CARACAS, VENEZUELA, Apartado 561 @ OSLO, NORWAY, Radhusgaten 30. 
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When you plan your new facilities, include W &T Equip- 
ment, both Chlorinators and Dry Chemical Feeders. 


“,.« this is where we plan to put 
the W&T Dry Chemical Feeders.” 


When you plan your new plant or the expansion of your present one, 
be sure to plan a place for W&T Dry Chemical Feeders as well as 
Chlorinators. W & T Feeders are used for every type of dry feeding 
problem found in water and sewage treatment plants. 

W&T makes both volumetric (volume measurement) and gravi- 
metric (weight measurement) feeders. There is a feeder for any size 
job, from small equipment to measure out ounces, to accurate giants 
capable of handling thousands of pounds per minute. 

To find out more about W & T Dry Chemical Feeders, write for bul- 
letin S-124. Or let us know the type of feeder problem you have, so we 
may send publications describing the W & T equipment best suited for 
your job. 


xy WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9.NEW JERSEY 
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Principles of Personnel Management for 
Water Utilities 


Robert S. Millar 


A paper presented on Sep. 25, 1957, at the Rocky Mountain Section 
Meeting, Santa Fe, N.M., by Robert S. Millar, Secy—Mgr., Board of 


Water Comrs., Denver, Colo. 


E water utility field can do much 

to improve its status as an impor- 
tant segment of communities of all 
sizes. Regardless of ownership of the 
utility, public or private, it can give 
the community the improved service 
rendered by qualified personnel proud 
of the jobs they are doing. When this 
is accomplished, water utilities will 
have little trouble recruiting good 
people for jobs which will challenge 
their abilities. 

The unbelievable advances in the 
sciences which have produced fission 
and fusion of the atom and made pos- 
sible destruction of this world itself; 
advances in the field of medicine which 
have increased the life span of man and 
promise to increase it even further; 
advances in industrial techniques from 
development of standards of measure- 
ment, interchangeability of parts, and 
mass production to electronic comput- 
ers, which some believe have brains; 


advances in psychology to the point 
where many now believe that the long- 
held secrets of the human mind and its 
functioning are being understood and 


even measured; all these advances 
have one common denominator, one 
thing in common, man. And man is 
the subject matter of, the material of, 
personnel. This field of activity, 
study, and research called personnel is, 
in the final analysis, man, just people, 
many different kinds of people. The 
personalities, character, education, and 
experience of people produce any ad- 
vancement that is made. 

Selection, training, and utilization 
of manpower are the fields in which 
continuing improvement must be made 
if the goal of truly efficient public serv- 
ice is to be attained. There have been 
many improvements in pumping meth- 
ods over the past few decades. Many 
can remember the use of direct-acting, 
reciprocating steam engine pumping 
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units and hand fired boilers. Record- 
ing devices now tell exactly what is 
going on miles away, and radio dis- 
patching clears up trouble spots in the 
distribution system before they develop 
enough for customers to recognize 
changes in service conditions. Office 
procedure has changed also. But how 
much change has taken place in the 
personnel procedure at your plants? 

Many so-called new methods or pro- 
cedures are old models in new clothes. 
And there are many simple, old- 
fashioned, fundamental truths that 
should never be forgotten or over- 
looked in an effort to “get up-to-date.” 
Personnel policy affects human lives: 
the hopes and aspirations; the fears, 
worries, and doubts; the achieve- 
ments, accomplishments, and failures— 
in short, the happiness and joys or the 
depression and sorrows of people. A 
good personnel program is one which 
improves the morale of loyal employees. 

The basic principles of good person- 
nel administration will vary in degree 
with the size of plant, complexity of 
operations, and other factors, but the 
principles are fundamental and apply 
to all. The purpose of this article is 
to-.discuss some of these principles of 
good personnel management. 


Indoctrination and Selection 


All personnel policies and practices 
should be reduced to writing and made 
available to all employees. A well pre- 
pared employee’s manual is the best 
way to tell employees about their jobs, 
what is required of them, the benefits 
they enjoy, and something about the 
company for which they work. The 
manual should answer the many ques- 
tions an employee might want to have 
answered about his job. It should not 
be just a book of rules, it should help 


ROBERT S. 


MILLAR Jour. AWWA 
morale by proving that the company 
or department is interested in em- 
ployee happiness and well being. But 
the best written manual is no substi- 
tute for the personal interest of the 
employer. 

Selection of employees should be 
based on a thorough investigation of 
the applicant’s aptitude, training, ex- 
perience, and character. The material 
from which utilities build an efficient 
staff is, of course, the new employee. 
The cost of selection and training of 
poor or even mediocre employees on 
a “we will try him out” approach is so 
high, no one can afford to continue on 
that basis. Time and money invested 
in establishing and using a good selec- 
tion procedure will pay dividends in 
increased efficiency and reduced turn- 
over. The average form sent to pre- 
vious employers is too frequently not 
a very reliable source of honest infor- 
mation. Contacting the previous em- 
ployer or employers personally, rather 
than by telephone, produces much 
better results than merely sending a 
form. A good, honest, and complete 
evaluation of the aptitude, training, 
experience, and character of an appli- 
cant is no substitute for personal ex- 
perience with an individual. A period 
of probationary employment affords 
the of measuring the accu- 
racy of estimates made. If the tempo- 
rary eniployee, or probationer, proves 
to be inadequate for the job, or any 


‘other job which is open, the situation 


should be recognized and faced realis- 
tically, both for the good of the em- 
ployer and the prospective employee. 
The investigation period should always 
include the neriod of probationary em- 
ployment. Every employee should be 
told his duties, responsibilities and 
areas of authority, the conditions of em- 
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ployment, rate of pay, working hours, 
and benefits. This he should learn in 
detail at the time of employment. 


Records and Evaluation 


Adequate records, including the ap- 
plication blank, the employee’s history 
record, status changes, and personnel 
evaluation should be maintained for 
each employee. If he leaves for any 
reason, an exit interview should be 
made a part of the record. It is very 
easy to develop an extensive records 
program that serves little useful pur- 
pose. This does not mean that rec- 
ords are not important, but simply that 
they must contain useful information. 
The records each water utility keeps 
should be designed to record the infor- 
mation that will be useful to the man- 
agement of that plant. The informa- 
tion on any particular form should de- 
pend upon the use to which the form 
will be put. The series of steps that 
could be used in developing a form 
could be: 

1. A detailed description of the ob- 
jectives the form is expected to achieve 
is drawn up. 

2. The basic form can be developed 
from the description and checked 
against it. 

3. Before the form is finally printed, 
it should be used in mimeograph form 
long enough to assess its value. 

4. Where the value of the form has 
been proved, it can then be printed in 
quantity. 

5. A periodic review of all forms 
should be made to determine their effi- 
ciency. And if they can be improved, 
there should be no hesitation in making 
changes to eliminate unneeded data, to 
add valuable information, or to elimi- 
nate the form completely. 
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Every plant should set up standards 
of worker performance based on a job 
evaluation. This evaluation should be 
discussed thoroughly with the worker 
at the time of employment. The 
standards thus developed may be used 
as a basis of merit evaluation. An 
analysis and evaluation of every job in 
the plant is the basis of any sound per- 
sonnel program. Job evaluation is an 
effective method of determining the 
duties and responsibilities of each job. 
A thorough evaluation should establish 
and maintain a logical relationship 
among the duties and responsibilities 
of positions, the qualifications to fill 
them, and the salaries paid. The job 
evaluation may be performed by the 
individual utility’s own administrators, 
or an outside expert may be used. 
Job evaluation is not a job for an ama- 
teur; it should be undertaken only by 
a person who has had experience in 
this field. If an outside firm makes 
the evaluation, a staff member of the 
utility should work as closely as pos- 
sible with the consultant to insure an 
intelligent administration of the plan 
once it is established. In order to 
maintain the usefulness of a job evalu- 
ation plan, it must be reviewed con- 
stantly to see that it is up-to-date 
and that all employees are properly 
classified. 


Employee Grievances 

Employees should be encouraged to 
discuss their grievances and complaints 
with their supervisor. An open-door 
policy on the part of the plant man- 
ager or the personnel office is a poor 
and ineffective substitute for a well 
planned grievance procedure. A city 
or a company has some personality, 
but it takes the live relationship of 
honest interest expressed by an indi- 
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vidual to reach people most effectively. 
It may be the foreman, superintendent, 
manager, elected official, or corporate 
officer who can best reach the new 
employee. Someone must take time to 
talk things over, explain details, and 
answer questions. Management that 
waits for employees to come to them 
with complaints and grievances will 
often find a union, a lawyer, or some 
other group representative bringing in 
these complaints rather than the em- 
ployee himself. 

The first link in the grievance proce- 
dure is the front-line supervisor. He 
must be prepared to listen to and an- 
swer employee questions, or any effort 
to develop a grievance procedure will 
fail. The manager must make it clear 
to all foremen that grievances are to 
be treated seriously and that the em- 
ployee is entitled to prompt and accu- 
rate counseling. Everyone must learn 


that grievances are not necessarily a 
reflection upon the foreman’s ability. 
Good foremen should be able to settle 
most of the grievances that arise in 


their departments. It is important 
that an accurate record of all griev- 
ances and their disposition be kept. 
This record will serve as a guide to 
modify conditions and personnel regu- 
lations and as the basis upon which 
appeals for the judgment of the fore- 
man can be decided. 

The next step in the grievance pro- 
cedure will vary with individual water 
plants. Some may use a joint com- 
mittee plan or a union committee; 
others may use the personnel officer 
or the plant manager to receive appeals 
from the foreman’s judgment. Who- 
ever receives these appeals must re- 
member that every employee is entitled 
to courteous consideration and an im- 
partial decision. Some water plants 
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are located in cities which provide a 
special board of review, such as a civil 
service or career service board. If 
the water plant management has made 
an honest effort to solve grievances, 
there will be few grievances carried to 
this sort of a board. 


Promotion and Supervision 


Employees should be informed of 
the organizational structures so that 
they may prepare themselves for pro- 
motion if they should so desire. Pro- 
motion should be made from within 
the organization wherever possible. A 
definite promotion policy has several 
advantages: it increases efficiency, im- 
proves worker morale, and tends to 
attract better qualified applicants in the 
lower jobs because of the opportunities 
afforded to make the water industry a 
career. A promotional plan must be 
tied in with the overall personnel pro- 
gram. If adequate employees are not 
hired and proper training not provided, 
any program of promotion from within 
will fail. If the overall personnel pro- 
gram is operating properly, there 
should be no problem in selecting pro- 
motable employees from the ranks. 
The procedures used for selecting the 
best possible candidate for promotion 
will vary from plant to plant and job 
to job. A combination of four factors 
can be used to make this selection. 
These factors are: seniority, competi- 
tive examinations, the judgment of the 
supervisor, and merit ratings. The 
exact method to be used must be 
worked out by the responsible mem- 
ber of management. Transfers from 
job to job can be of value to both the 
plant and the employee. They can be 
used as a training device or to help 
employees to find jobs better suited to 
their abilities. Uncontrolled transfer- 
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ring, however, can cause serious dam- 
age to efficiency and morale. It should 
be the duty of the responsible adminis- 
trative officer to develop controls that 
will insure the value of any transfer. 

Every employee should receive ade- 
quate supervision. This means, among 
other things, fair personal treatment, 
constructive criticism, praise for work 
well done, a willing ear to hear him, 
freedom from prejudice and favoritism, 
technical instruction, and delegation of 
responsibility. It is well to remember 
that once the basic outlines of an effi- 
cient personnel program have been de- 
veloped by top management, its suc- 
cess depends almost entirely on the 
way it is administered by the lower 
levels of management. The best plan 
of selection of new employees will be 
wasted if they are not properly trained ; 
the best grievance procedures will fail 
if the foremen do not use them; and 
the most accurate job classification 
plan will be useless if it is not followed. 
Top management and the personnel 
office should do everything in their 
power to see that all foremen and 
supervisors are informed and trained 
to:administer the personnel program. 
Civil service, employees’ committees, 
attorneys representing employees, and 
unions are systems, devices, personali- 
ties, and methods used to carry the em- 
ployee’s story to management, and 
they are believed to be the protection 
employees have against unfair or un- 
scrupulous practices of management. 
When any of these employee methods, 
or any of those of management, con- 
tribute toward weakening an organiza- 
tion, corrective measures should be 
taken to assure improvement in the 
operations and services of the water 
utility. 
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Pay Plan 


A pay plan in which positions are 
evaluated by classes in relation to one 
another and a pay scale developed for 
each class of position is the first step 
in assuring fair employee compensa- 
tions. Such a plan must be governed 
by a set of rules authorizing and con- 
trolling the pay, and changes in pay, 
of each class of position and those who 
are so classified. 

Several steps are necessary in de- 
veloping the pay plan: 

1. Each position should be analyzed 
and, on the basis of the complexity and 
responsibility of the position, ranked 
with others in order of importance. 

2. Salary data collected by a survey 
of comparable community or area wage 
rates can then be compared with each 
classification, or as many as possible. 
When comparable jobs do not exist, 
the wage rate should be determined 
from other job rates paid for similarly 
rated classifications. 

3. Semiannual or annual reviews of 
the relationship between the wage 
schedule and community wage rates 
should be completed to assure a fair 
wage and salary level. 

4. Reviews should include studies 
of fringe benefits allowed in the com- 
munity or area. 


Conclusions 


In the final analysis, the community 
deserves the best service possible for 
the money paid. The qualitative and 
quantitative measurements of the serv- 
ice rendered are determined by the 
measure of those people who are the 
personnel of the department or com- 
pany. The character, personality, and 
experience of those responsible for 
water service to should 
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be among the highest to assure con- 
tinuous, healthful, and safe service. 
The personnel requirements and _ re- 
wards should be such as to attract to 
these important jobs of public service 
people who will conscientiously meas- 
ure up to high standards. 

These principles should be treated 
as guideposts only. They point the 
way. They do not locate the stumbling 
blocks or other hazards of the path to 
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be followed. Here again, it is man 
who must guide every step. No fixed 
rules should hinder the minds of those 
who guide the way to better results. 
Communities deserve the best possible 
results which can be obtained. It is 
for men in the water utilities to prove 
themselves equal to the task, equipped 
to meet the challenge and capable of 
producing their service in the most 
efficient manner possible. 
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Attracting and Retaining Competent Personnel 
for Water Utilities 


William T. Ingram 


A paper presented on Apr. 11, 1957, at the New York Section Meeting, 
Elmira, N.Y., by William T. Ingram, Cons. Engr., New York, N.Y. 


HE question of whether the water 

utilities industry is able to attract 
and retain competent personnel is rhe- 
torical. The industry must do this. 
The job of supplying water is in the 
hands of personnel who have a re- 
sponsibility to operate the entire sys- 
tem so that safe, potable water is avail- 
able for use 24 hr every day. These 
persons must be competent. 

The purpose of this discussion, then, 
is to suggest some of the more impor- 
tant reasons personnel are not easy to 
retain in water utilities and to offer 
some ideas about what may be done 
to counteract these adverse influences. 

New York State has over 900 water 
systems varying in size of staff from 
the part-time executive and a mainte- 
nance crew of one or two to the giant 
of the industry, New York City. 


Small Systems 


The median population served by 
systems in the state is about 1,000 per- 
sons. At least one-half of the prob- 
lems of staffing are those of the small 
systems of villages and towns. Some 
of the problems faced by water utility 
personnel operating these systems are: 

1. Governing boards are preoccu- 
pied with many matters other than wa- 
ter utilities. It is only when com- 
plaints filter back to board members 
that there is real concern and then 
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only for the cause of complaint and its 
correction. 

2. Utility crews may have more than 
one duty. Such crews may have mul- 
tiple assignments, including sewer 
maintenance, highway maintenance, 
refuse disposal, and others in the area 
of public works functions. 

3. Time available for constructive 
planning to reduce maintenance and to 
improve the system is very little. If 
taking such time means an increase of 
staff, the activity is looked on with 
question and even disfavor. 

4. Even planning and carrying out 
necessary procurement of equipment 
for day-to-day replacement, repair, and 
improvement brings frustration. The 
discussions on purchase at times reach 
no decision, and ultimate authoriza- 
tions of work are slow. 

5. Resource to a village or town en- 
gineer or a consultant on water supply 
is too often limited. There may be no 
full-time engineer, and there may be 
strong board resistance to the use of a 
consultant. 

6. The opportunity to discuss wa- 
ter problems and to learn more about 
the job of obtaining and suplying wa- 
ter may be curtailed. Time spent in 
visiting the neighboring town, or at- 
tending a water supply meeting is too 
often impugned as a junket by those 
who fail to realize the real needs for 
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exchange of knowledge and experience 
in the field. 

7. Salaries are more often low than 
high. To the uninformed, almost any- 
one could operate a water system. The 
dollar advantage of skilled and well 
planned operation over the “try it and 
see if it works” tactics employed on 
more than one occasion are not easily 
computed if there has been no experi- 
ence with the former method. Thus, 
the well trained water utility specialist 
has some difficulty in commanding a 
salary corresponding to his responsi- 
bility and ability. 

8. There is usually no future ad- 
vancement within the utility staff. The 
opportunities for a competent executive 
comprise similar appointment at an- 
other location or advancement into one 
of the higher salaried public works 
positions at home or elsewhere. 


Intermediate Systems 


The group of water systems of larger 
size, but still relatively small in num- 
bers of personnel, has perhaps more 
pressing problems. Systems that have 
been serving areas with 10,000—20,000 
persons are suddenly being placed in 
the position of providing service for 
doubled or greater populations, ex- 
panding distribution lines, reinforcing 
networks, procuring additional sources, 
increasing treatment facilities, and cop- 
ing with the operating problems of in- 
adequate facilities brought on by in- 
creased demands. The situation can 
become untenable for water utility 
management and staff before the gov- 
erning board is willing to recognize 
the existence of the problems. 

The system is no longer a small staff 
operation. Yet the town or village 
board is slow—too slow—in recogniz- 
ing the changes taking place and over- 
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cautious in conceding that responsibil- 
ity for planning, construction, opera- 
tion, and maintenance is important 
enough to require first attention. Util- 
ity staffs of competence are now man- 
datory. It becomes critical under these 
circumstances to have well qualified 
supervisory personnel who are pro- 
vided with reasonably solid authority 
to plan and carry out the work of the 
water system. 

Personnel problems arising among 
this group, between small and large, 
are representative of those found in 
hundreds of systems over the country. 
It is, therefore, worth while to examine 
some of the criteria that influence an 
individual to take or remain on a job 
in a system of that intermediate group. 

1. The job must be interesting and 
satisfy the individual’s need to use his 
background of training and experience. 

2. The salary must be enough to live 
on and meet family, community, and 
personal security requirements. 

3. Job security must be acceptable. 
The attractiveness of pension plans, 
health benefits, medical care plans, and 
similar substitutes for higher salary is 
a factor. Perhaps of greater impor- 
tance is the longevity and tenure of 
appointment. Few men are attracted 
to a position from which a political 
change may oust them. 

4. Future prospects of working with 
the utility should be favorable. Pleas- 
ant working conditions with compatible 
people and a reasonable anticipation 
of advancement are part of that future. 

5. Administrative supervision should 
be such that frustration does not be- 
come a prime focus of attention and a 
principal point of discussion. 

6. Prestige, both personal and com- 
munity, should be above question. The 
family reaction to the work has to be 


‘ 

5 


Feb. 1958 


favorable, and the acceptance of posi- 
tion as desirable by the community is 
essential. 

7. Reasonable resources and oppor- 
tunities for introducing ideas to the 
work should be available. Access to 
training courses and conferences and 
recognition of good work on the job 
are most desirable. 

8. There should be adequate staffing 
so that individuals do not have to con- 
tend with either excessive physical or 
mental effort in an attempt to meet 
responsibilities that are taken seriously. 
A man’s desire to work long hours over 
extended periods of time is soon ended 
if it becomes clear that advantage is 
taken of that desire. 


Management Responsibility 


It is recognized by those of the water 
utility field that operation of a water 
system is no sinecure. There is, how- 
ever, a management responsibility to 
review its own position. Management 
extending to the core of governing 
boards could profitably examine again 
and again the above precepts to evalu- 
ate specifically how it rates. Although 
there is no one best answer determin- 
ing actions that may be taken by man- 
agement, these general points are sug- 
gested as a guide for determining what 
may be done to attract and hold com- 
petent personnel. 

1. Avoid delay in readjustment of 
salary levels commensurate with 
responsibility. 

2. Recognize position and adminis- 
trative lines with appropriate titles. 
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3. Exercise every effort to establish 
prestige for the water utility man. 

4. Be certain that training, experi- 
ence, and abilities of key personnel are 
equal to the job responsibility. Un- 
able persons holding responsible posi- 
tions can deliver only irresponsible 
performance. 

5. Encourage on-the-job training. 

6. Determine and provide work 
incentives. 

7. Be sure that talents of the staff 
are not being misused. 

8. Encourage and promote a spirit, 
teamwork, and unity that will build a 
department into an organization en- 
gaging in routine or emergency action 
with effectiveness. 

9. Simplify and eliminate, if pos- 
sible, red-tape practices required to 
authorize work or purchases. Recom- 
mendations of department heads should 
be acceptable, since the head is (or 
should be) the person who knows what 
is needed. 

In the last analysis, there are few 
men in the water utility field who are 
unhappy and discontented with their 
position, if the water is the best quality 
obtainable, is adequate for every need, 
and runs in a system that is in good 
repair. When executives have the au- 
thority, financing, and staff to keep 
the system up to provide water of ex- 
cellent quality, they usually have an 
understanding and progressive top- 
management board or council that has 
taken most of the suggested actions. 
Such system organizations have a good 
reputation, attract personnel, and hold 
them. 
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IHE subject of recharging water- 
bearing formations is broad in 
scope. This article, however, will be 
limited to a discussion of artificial or 
induced recharge and essentially will 
omit reference to natural recharge. 

The artificial recharge of ground 
water is practiced in many areas of 
the country. In many instances the 
recharge of ground water formations 
is incidental, the motivation for such 
recharge being: [1] the disposal of 
waste waters, [2] the drainage of low 
areas and storm water, [3] the im- 
poundment of surface waters and con- 
trol of flood waters, or [4] the irriga- 
tion of agricultural lands. Although 
recharge of aquifers from such opera- 
tions is incidental, such recharge in 
the aggregate would be a substantial 
percentage of the volume of ground 
water used. 


Incidental Recharge 


Incidental recharge of aquifers re- 
sulting from the disposal of liquid 
wastes primarily affects the unconsoli- 
dated formations and is most effective 
in the areas in which the soil is pervi- 
ous. In some areas, however, consoli- 
dated formations, particularly lime- 
stone, are also utilized for waste dis- 
posal. Wastes disposed of by means 


of soil absorption include sewage, prin- 
cipally from residential and commercial 
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units in areas not served by public 
sewers, and wastes from various types 
of industry. Disposal by seepage pits, 
tile fields, lagoons or stabilization 
ponds, and spray irrigation all function 
in recharging unconsolidated forma- 
tions. Data are not available to permit 
a reliable estimate of the total volume 
of water recharged through use of soil 
disposal systems in Wisconsin. 

Recharge resulting from the drain- 
age of low lands or disposal of storm 
water is accomplished by the installa- 
tion of wells. At one time many so- 
called drainage wells were installed in 
Wisconsin and other states. Experi- 
ence soon indicated, however, that 
where the wells extended into uncon- 
solidated formations or sandstones they 
were short-lived, because of the plug- 
ging of the formation by the silt and 
suspended matter entrained in the sur- 
face or drainage waters. Where such 
drainage wells penetrate limestone for- 
mations of a creviced nature, such as 
exist in many sections of the country, 
they do function for a considerable 
period of time. Many of these wells 
have a high disposal rate, one in 
Florida (1) operating at 9,500 gpm. 
Use of wells for disposal of drainage 
and waste waters is not allowed in 
Wisconsin. 

The impounding of water, such as is 
practiced in the reservoir systems in 
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the northern part of Wisconsin, results 
in the recharge of adjoining lands as 
the reservoirs are being filled following 
high periods of runoff. In Wisconsin 
such recharge is mainly beneficial to 
the operators of the water storage sys- 
tem, since the ground water so re- 
charged amplifies the quantity stored 
and the amount of water that can be 
withdrawn from the reservoir system 
for subsequent use. In other areas, 
where water use has caused ground 
water levels to drop, such impound- 
ments could add materially to the avail- 
able supply. Soil erosion control and 
the spreading of flood waters over 
sandy valley areas, as practiced in some 
western states, will also replenish 


ground water resources (2, 3). 
Irrigation of lands by water with- 
drawn from surface sources will tend 
to augment ground water supplies, pro- 
vided the formation is not already at 


saturation level. The benefit derived 
from irrigation practices would vary 
with the type of soil, method of appli- 
cation of the water to the land, and the 
degree of control exercised by the irri- 
gator. As much as one-third of the ap- 
plied water could enter the ground 
water supply. 

None of the incidental recharge prac- 
tices mentioned are of great importance 
in increasing the availability of ground 
water for municipal and utility use in 
Wisconsin, since such recharge opera- 
tions are largely limited to areas where 
no shortage uf water has been demon- 
strated. In fact, in some areas the dis- 
posal of wastes by soil absorption into 
both unconsolidated and consolidated 
formations has resulted in a deteriora- 
tion of ground water quality, bacteri- 
ologically and chemically. Although 
most of the wells adversely affected by 
such disposal are privately owned, some 
public utility wells have been involved. 
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For instance, in Wisconsin the use of 
an old well for drainage of waters from 
a display fountain caused contamination 
of the utility well located 2,400 ft away. 
In Green Bay, an abandoned well 
used to dispose of laundry waste and 
basement drainage contaminated a city 
well, 600 ft distant. In 1929, the re- 
location of a river channel in Fond du 
Lac over an unsealed well resulted in 
the accidental recharge with contami- 
nated water of a limestone formation 
supplying nearby utility wells, causing 
a serious outbreak of waterborne dis- 
ease. Similar experiences can un- 
doubtedly be cited in other states where 
creviced limestone formations exist. 


Induced Recharge 


Induced recharge of water-bearing 
formations results when the withdrawal 
works are so located and designed as 
to increase the natural rate of recharge 
from the surface. Water systems 
bringing about induced recharge can 
perhaps be found in most of the states 
of the union. In Wisconsin, only a 
limited number of installations exist at 
this time in which induced recharge is 
a substantial factor in ground water 
productivity. The best current instal- 
lations utilizing induced recharge are 
the two radial collector wells at Mani- 
towoc, both of which are located and 
constructed so as to induce recharge 
from Lake Michigan. An older water 
supply installation at Superior is of a 
similar type, being an installation of 
well screens horizontally below the bot- 
tom of Lake Superior. In former years 
infiltration galleries lying parallel to 
streams or lakes at Hayward and 
South Milwaukee were used as sources 
of supply, and a similar installation is 
still in use at Nekoosa. A completely 
artificial infiltration system also for- 
merly served as the source of supply 
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for Black River Falls. In other com- 
munities, wells have been located near 
lakes and streams with the thought that 
the yield of ground water could be 
improved. Unless the stream or lake 
bottom is sandy, however, and is re- 
newed through scouring, redeposition, 
and wave action, no material benefit 
results from such locations. 


Applied Recharge 

Applied artificial recharge of aquif- 
ers is being practiced or studied in a 
number of states for the purpose of 
developing barriers against salt-water 
encroachment and to augment natural 
and induced recharge. Salt-water en- 
croachment results from the overpump- 
ing of aquifers along the sea coasts, 
from heavy pumping of aquifers under- 
lain with saline water, from improper 
construction of wells extending into 
saline waters, or from improper dis- 
posal of oil field brines. 

Various methods of combating sea 
water encroachment have been used in 
California. At Camp Cooke, near the 
mouth of Santa Ynez River, a weir was 
constructed across the valley with its 
crest 5 ft higher than high-tide level 
so as to increase recharge to the well 
area and to prevent tidewater intrusion 
(4). Recharge basins at El Segundo 
and Redondo Beach were tried for the 
purpose of building up a fresh-water 
ridge (5). Because of adverse condi- 
tions encountered in the basin area, the 
use of diffusion wells was next studied 
and found satisfactory for production 
of a water barrier if the wells were 
spaced at 500-ft intervals and the water 
was properly conditioned (6). To be 
effective, the mound of water created 
must obviously be sufficiently high to 
counteract the greater specific gravity 
of the sea water and to provide for a 
movement of fresh water inland. 


On Long Island, sea water encroach- 
ment was reduced by a requirement 
that owners of all wells pumped at a 
rate of 69.4 gpm or more return the 
used water in an uncontaminated con- 
dition into the ground (7). Some of 
the diffusion wells have been in serv- 
ice for over 20 years, maintenance 
work, however, being required during 
the period. All of the diffusion wells 
return water to the unconsolidated for- 
mations and usually to the strata from 
which the water was withdrawn. A 
rise in the temperature of the ground 
water, as much as 20° in some wells, 
has been observed (8). 

In Brooklyn, N.Y. (9), El Paso, 
Tex. (10) and Camp Peary, Va. (11), 
brackish water wells have been re- 
charged with fresh water. Studies of 
these operations indicate that there is 
but little intermixture of the fresh and 
saline waters and that nearly all of the 
recharge water can be subsequently 
withdrawn. These studies further 
show that aquifers containing highly 
mineralized water can be made useful 
for storage of fresh waters. 

In various inland areas of the coun- 
try, aquifers with highly mineralized 
water underlie waters that are only 
moderately mineralized. In some cases 
the highly mineralized aquifers are 
under artesian head greater than that 
in the upper formations. Therefore, 
when a well taps both upper and lower 
formations, contamination of the upper 
formation results, particularly when 
pumping of adjoining wells lowers the 
water level. Such detrimental effects 
can best be avoided by constructing 
wells so that they tap only one of the 
formations and by using watertight 
construction, relatively permanent in 
nature, through the upper formation 
when the lower horizon is to be uti- 
lized. In such event, the mineralized 
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water should be returned to the aquifer 
from which it is withdrawn to prevent 
contamination of upper formations or 
surface waters. Return of saline wa- 
ters in such manner is practiced in in- 
land oil fields for a two-fold purpose, 
namely to dispose of the brines and to 
maintain pressures in the oil-producing 
formations so that more oil can be re- 
covered than would otherwise be pos- 
sible (12, 13). 

Artificial recharge is being used in 
many places throughout the country 
for the purpose of augmenting natural 
or induced recharge. Such recharge is 
attained by various methods of spread- 
ing surface water and through use of 
diffusion or recharge wells. Methods 


of spreading water for recharge include 
the flooding of areas by means of 
ditches, the use of ridge and furrow 
systems, the use of basins, and the use 
of impoundments with or without con- 


trolled stream flow. Recharge opera- 
tions by spreading are most extensive 
in the western states, and particularly 
in California (14). Proposals have 
‘been made to use reclaimed sewage for 
recharge (15). Spreading by basins 
or impoundments has also been used 
extensively in New Jersey, including, 
among others, the installations at Perth 
Amboy, Princeton, Lake Mohawk, and 
East Orange (16). 

In the central states the better known 
recharge operations are those at Des 
Moines, Iowa, and Peoria, Ill. Re- 
charge operations at Des Moines were 
started before 1922, and they comprise 
the use of basins to augment induced 
recharge to a collecting gallery parallel 
to Raccoon River (17). As in some 
of the western installations, the bottoms 
of the basins are deeply scarified as 
needed to maintain adequate recharge. 

The recharge project at Peoria (18), 
also by means of prepared basins, was 
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undertaken in 1951 for the purpose of 
studying recharge by spreading and to 
amplify the well supplies for the water 
utilities and industries. The recharge 
operations are carried on only during 
the cooler period of the year when the 
river water temperature does not ex- 
ceed 60°F. It was established that the 
cool recharge water remained on top 
of the existing ground water. A num- 
ber of other hydrological, bacterial, 
chemical, and physical determinations 
have been made, but it was found diffi- 
cult to explain all of the variation in 
recharge rates on the basis of recharge 
heads or water quality. Studies are 
being continued by the Illinois State 
Water Survey. 

Recharge of aquifers by means of 
wells is not in widespread use. The 
longest experience in this regard is that 
of Long Island, previously reviewed. 
Mention has also been made of drain- 
age wells, the California diffusion wells, 
and those of El Paso and Camp Peary. 
Well recharge with city water was 
tried at North Hollywood with poor 
results (19), the formation becoming 
sealed after a few days of use because 
of movement of fines in the formation 
or turbidity in the water. 

Another well-known recharge opera- 
tion is that conducted in the Louisville, 
Ky., area (20) where an aquifer was 
being pumped by industries seeking 
cool water at a rate 20 mgd in excess of 
natural recharge. In 1944, steps were 
taken simultaneously to stop pumping 
during cool weather, to recharge the 
aquifer with purified city water during 
such a period, and to conserve water by 
economizing on use. In this situation, 
the production wells are used for re- 
charge. The results have been satisfac- 
tory and have enabled the large indus- 
trial users to pump cool water during 
the summer months when city water is 
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too warm. Storing of cool water dur- 
ing the off-peak season in the under- 
ground formations for use during peak 
periods has also been found successful 
at Binghamton, N.Y. (9) and Lub- 
bock, Tex. (21). The question arises 
whether or not similar recharge opera- 
tions may not be practical and desirable 
in Wisconsin. 

In Canton, Ohio (22), collector-type 
wells tap both of two water-bearing 
gravel layers that are separated by a 
clay strata. The top layer is readily 
recharged locally but is thin and can 
be exhausted rapidly by heavy pump- 
ing. Therefore, water is allowed to 
pass from the upper to the lower gravel 
layer freely, total recharge being about 
8 mgd through the three collector units. 
One collector is equipped with pumps 
delivering 10 mgd from the lower 
aquifer. 

A somewhat similar recharge process 
is going on steadily in the Milwaukee 
area. Many wells here are open to 
both the Niagara dolomite, above an 
impervious shale layer, and the lower 
sandstone formations. Because of the 
approximately 70-ft difference in water 
levels in the upper and lower aquifers, 
drainage from the Niagara dolomite to 
the lower lying St. Peter and Upper 
Cambrian formations takes place, ex- 
cept when such wells are being 
pumped. In 1950, Foley, Walton, and 
Drescher (23) estimated that 5.5-6.0 
mgd was being recharged into the 
lower formations. Similar conditions 
could exist in some other areas in the 
state where the lower formations are 


overpumped. 
Wisconsin Conditions 


It is to be noted that except for 
drainage wells, oil wells, and the Mil- 
waukee area wells, the recharge proj- 
ects discussed herein deal with water 
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problems of sand and gravel forma- 
tions. No serious problems as yet exist 
in Wisconsin involving unconsolidated 
aquifers, other than those in the central 
section where permeable formations are 
lacking, are limited in area, or cannot 
be readily recharged from the ground 
surface. With few exceptions, it would 
appear that recharge by spreading 
could not be applied practically at this 
time to solve the requirements of agri- 
culture, industry or utilities of Wis- 
consin. Recharge by diffusion wells, 
however, might prove to be of value, 
particularly in connection with depleted 
consolidated formations or highly min- 
eralized water producing aquifers. 
The element of cost of producing or 
providing water suitable for diffusion 
through wells, the need for cool or 
other special quality water, and the 
probable saving in cost of operating 
wells would need to be favorable to 
make well recharge a practical project. 


Proposed Research 

Discussions have been held over a 
period of years in Wisconsin on the 
desirability of studying the problems 
and effectiveness of recharge of the 
sandstone formations in the Milwaukee 
area. Some preliminary work was 
done 8-10 years ago to determine the 
feasibility of recharging these aquifers 
with Milwaukee city water during the 
winter off-peak season. These investi- 
gations made in cooperation with the 
city water department disclosed that 
the lake and sandstone waters did not 
react detrimentally. The research 
project was not carried further at that 
time because of financial and personnel 
limitations, early budget requests for 
funds not being approved. In 1955, 
however, the legislature did appropri- 
ate funds for employment of an engi- 
neer for the study who, because of re- 
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cruitment problems, did not become 
available until July 1956. 

Since his employment, library re- 
search has been conducted to review 
problems related to ground water re- 
charge, and conferences were under- 
taken to arrange for use of wells for 
recharge, for use of Milwaukee city 
water as the recharge source, and for 
financial support by industry. Some 
roadblocks were encountered, which 
necessitated detours, but much prog- 
ress has been made. Prospects are 
favorable that a study of recharge, 
using one of the wells of the city of 
Wauwatosa, will be carried on shortly. 

The purpose of this study will be to 
determine: [1] the rate of discharge 
in terms of well production per foot 
of head; [2] the head recovery; [3] 
the recharged water recovery; [4] the 
method by which diffusion can best be 
determined ; [5] the effect of injection 
water temperature ; [6] the cost of re- 
charge; and [7] the physical factors 
effecting recharge operations. This 
study will be conducted in full coopera- 
tion with the staff of the Federal- 
State Cooperative Water Level Study 
Project. 

In addition to the recharge study, it 
is planned to keep in close touch with 
studies of natural recharge in the Green 
Bay area, where a purified supply from 
Lake Michigan has recently been intro- 
duced to replace the overpumped arte- 
sian well water supply. Artificial re- 
charge studies in this community are 
also contemplated as a future project. 

In addition to the above projects, it 
is proposed that a study will be made 
of water use and reuse by industry and 
of the problems that may be associated 
with the conservation of cooling waters 
by recharge to the ground water. In 
this connection, certain provisions of a 


bill which had been proposed by the 
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Wisconsin Natural Resources Commit- 
tee, dealing with recharge, read: 


The board may require that all or part 
cf the water withdrawn from such wells, 
or an equivalent volume of water from 
some other source, be returned to the 
aquifer or aquifers from which such well 
or wells withdraw water or to an alter- 
nate aquifer, with such purification, treat- 
ment, and safeguards as are essential to 
prevent such recharge from deleteriously 
affecting the quality of underground 
waters. 


It is believed that such a provision, 
or one similar thereto, should be a part 
of any comprehensive water supply 
law. 


Conclusion 


In conclusion, it may be pointed out 
that other communities and other states 
have ground water problems that are 
as troublesome and in most cases more 
acute than those of Wisconsin. Re- 
search leading to solutions of the prob- 
lems of overdraft will be in keeping 
with progress and studies in this field 
throughout the country. Water utility 
personnel should participate to the full- 
est extent possible in arriving at prac- 
tical solutions of water use and of 
conservation of this most essential 
resource. 
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EOPHYSICAL methods of ex- 

ploration consist of the measure- 
ment and identification of changes in 
certain physical properties of the earth 
at or near its surface. At present, the 
geophysical methods most applicable 
to ground water prospecting are the 
seismic and electrical-resistivity meth- 
ods. They involve, respectively, the 
measurement of the ratio of propaga- 
tion of elastic waves in the earth and 
changes in the electrical resistance of 
the earth. These two methods were 
primarily developed for use in pros- 
pecting for petroleum and minerals. 
Adaptations and modifications of these 
basic methods, however, are exten- 
sively used for engineering purposes 
and ground water prospecting. 

These techniques are especially well 
suited for reconnaissance exploration 
of large areas. When used in conjunc- 
tion with geologic data, the methods, 
under favorable conditions, give results 
which indicate the character and se- 
quence of strata and the depth to bed- 
rock. But it must be emphasized that 
the full value of these methods are ob- 
tained in their correlation with, and 
as supplements to, other data. 


Seismic Method 


The seismic method utilizes the elastic 
properties of the materials of the earth. 
The velocity of propagation of a wave 


or impulse in an elastic body is a func- 
tion of the modulus of elasticity, the 
density of the material, and a combina- 
tion of other factors. Therefore, there 
exist great differences in wave veloci- 
ties in solid rock and loose sedimentary 
material. 

The energy from the explosion of a 
small charge of dynamite in a shallow 
borehole is propagated through the 
earth materials by elastic waves ad- 
vancing outward from the point of ex- 
plosion. These elastic waves consist of 
longitudinal or compression waves, 
transverse or shear waves, and various 
types of surface waves. Some of these 
waves are reflected at the interface 
between beds, and some are refracted 
in passage through the media. It is 
these refracted waves which are used 
in near-surface seismic work. In pass- 
ing across a boundary of different ma- 
terials the elastic wave is refracted to- 
ward the plane of the boundary when 
going from a low-velocity layer to a 
high-velocity layer. The refraction is 
toward the perpendicular to the bound- 
ary when it passes from one layer to 
another with a lower velocity of wave 
propagation. 

The equipment and instrumentation 
required for refraction work is compact 
and portable. Basically, the equip- 
ment consists of : 
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1. An amplifier case, with twelve 
amplifiers, balance potentiometers, and 
test circuitry 

2. A recording oscillograph, with 
twelve galvanometers and a synchro- 
nous motor on the paper drive 

3. A power supply 

4. A blaster to fire the shot and pro- 
vide accurate timing between the in- 
terval of detonation and the starting 
of the paper drive motor in the record- 
ing oscillograph 

5. Seismometers and cables. 

In field operation the seismometers 
are usually laid out with the shot point 
at one end of the spread. The length 
of the spread, or the distance from 
the shot point to the farthest seismome- 
ter, is three to twelve times the desired 
depth of penetration. At the shot 
point an auger hole is dug and charged 
with from one to three sticks of dyna- 
mite. The shot is fired, and the time 
interval between detonation and arrival 
of the first impulse at each seismometer 
is transmitted to the amplifiers and 
recorded by the oscillograph on a mov- 
ing strip of photographic paper, on 
which are marked time intervals of 
0.01 sec. 

Only the arrival times of the initial 
impulse at each seismometer are used. 
By plotting the travel times of the im- 
pulse as a function of the distances be- 
tween seismometers and shot point, 
drawing straight lines through the 
plotted points, establishing intersec- 
tions of these lines, and then computing 
velocities in the zones thus established, 
depths to bedrock or any velocity dis- 
continuity can be determined. 

It should be emphasized that the 
seismic method can be used only when 
the velocity of the wave becomes 
greater in each succeedingly deeper 
layer. If a low-velocity layer occurs 
beneath a high-velocity layer, neither 
its presence nor thickness can be deter- 
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mined by this method. Complications 
are also encountered when the wave 
velocity in a thick overburden increases 
only gradually with depth. The path 
of the first impulse and the travel time 
diagram will then be curved, and it 
may be difficult to determine the actval 
wave velocities and thickness of the 
nonuniform stratum. With inclined 
layers only an average depth is deter- 
mined from the travel time diagram, 
and it becomes necessary to reverse the 
position of the shot point in the spread 
in order to determine the actual depth 
and amount of dip along the shot line. 


Electrical-Resistivity Method 


Of the electrical methods applicable 
to ground water investigations, the 
electrical-resistivity method, based on . 
differences in resistivity of the sub- 
surface materials, is the most widely 
used. An electrical field is produced in 
the ground from two field electrodes, 
and the drop in potential is measured 
between two potential electrodes. 

The conductivity of earth materials 
varies from 100 billion ohms per cen- 
timeter when dry to several hundred 
or several million ohms per centimeter 
when saturated. It is apparent, there- 
fore, that the electric current flows by 
ionic conductance. The fact that the 
electrical resistivity of soils and non- 
mineralized rocks is dependent on the 
electrolyte content of the fluid and the 
porosity of the soil is of particular im- 
portance in work in alluvial sediments. 
Near the surface the pore filling is 
mostly air, the resistivity will be very 
high, and the passage of the current 
will almost entirely depend on the elec- 
trical properties of the solid grains. 
Although this occurs on the surface in 
a very thin layer, it may extend to con- 
siderable depths in dry or semiarid re- 
gions. Above the water table a mix- 
ture of air and water occurs, which 
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acts almost like a saturated condition. 
Porosity, the second factor influencing 
the electrical properties, is a measure 
of the relative quantity of pore filling. 
The porosity of most clays is high— 
about 40-60 per cent—compared to 
the 25-40 per cent porosity of sands 
and gravels. The permeability of most 
natural clays, however, is exceedingly 
low compared to that of sand and 
gravel. The ratio is approximately 
1:10,000. These conditions act to con- 
trol the electrolytic quality of the pore 
filling, because the alluvial sands and 
gravels of the humid region consist 
preponderantly of quartz particles and 
other only slightly soluble silicates. 
The clays, however, contain more min- 
erals of higher solubility which are, in 
addition, in a finely divided form. In 
the sands and gravels the water tends 
to move freely over the relatively in- 
soluble grains. In the clays the water 
is trapped within a mass of very fine, 
irregular, and more soluble particles. 
This prolonged contact with these 
finely divided minerals tends to bring 
more of them into solution and obvi- 
ously increases the electrical conduc- 
tivity in the clays over that of the less 
porous material. It is apparent, there- 
fore, that the electrical-resistivity val- 
ues of the fine-grained materials will 
be low, while the values for the sands 
and gravels will be high. 

Resistivity instrumentation requires 
a battery, a potentiometer, a_ milli- 
ammeter, and four electrodes. In field 
practice the electrodes are set in a 
straight line and are equally spaced. 
The electrode intervals are expanded 
outward and the apparent resistivity 
observed for each interval. Roughly, 
the depth of current penetration is 
equal to the electrode interval. The 


observed values are plotted against the 
depth, and interpretation of the result- 
ant curve is made. 


This is done by 
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mathematical analysis, by matching 
against theoretical curves, or by match- 
ing against observed curves of known 
conditions. This technique is called 
depth profiling. When the electrode 
interval is kept constant and the whole 
system moved, the technique is called 
traverse profiling. 


Choice of Methods 


In general, those are the principles 
and field techniques of those geophysi- 
cal methods currently applicable to 
ground water exploration. They are, 
however, only indirect methods, and 
water cannot be directly indicated by 
them, but they are aids and supple- 
ments to the understanding and the 
interpretation of the geology of the 
area studied. 

Beside the limiting factors of tech- 
niques, the choice of methods to be 
used is also dictated by the conditions 
in which ground water commonly oc- 
curs and accumulates. These are: 

1. Watercourses, consisting of a 
perennial stream together with the in- 
closing and underlying alluvium satu- 
rated with water that comes from the 
stream, from infiltration at the sur- 
face, or from adjacent water-bearing 
deposits 

2. Loose water-bearing materials, 
chiefly sand and gravel of glacial drift 
and outwash deposits 

3. Consolidated water-bearing rocks, 
of which limestone, basalt, and sand- 
stone are the most important. 

For the first two conditions, electri- 
cal-resistivity methods are most appli- 
cable, because they are rapid and have 
given good information, provided, of 
course, that sufficient differences exist 
in the electrical properties of the con- 
fining materials. For a buried valley, 
a series of depth profiles at closely 
spaced stations along a line crossing 
the valley would be established. Addi- 
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tional profiles are made so that the 
configuration of the bedrock surface 
and the lateral and vertical extent of 
the sand and gravel layers may be de- 
termined. For sand and gravel within 
glacial drift and glacial outwash and 
where a large area is to be investi- 
gated, a traverse profile would first be 
made around the area. Next, grid 
lines would be established across the 
area and more traverse profiles made 
along these lines. On the basis of the 
resultant observations, isoresistivity 
lines could be drawn, just as contours 
are, and the areas of high resistivity 
would then be investigated again with 
another series of depth profiles. This 
would determine the lateral and verti- 
cal extent of the high-resistivity 
materials. 

The seismic methods would be em- 
ployed much the same way except that 
a continuous profile around the area 
would not be made, mainly because the 
resistivity methods require, for best 
interpretation, an extension of the sur- 
vey over a considerable distance, so 
that the rate of change of values can 
be measured and a background estab- 
lished. Seismic methods give a depth 
determination over the point of obser- 
vation, whereas the resistivity values 
are an average over the electrode spac- 
ing. Seismic methods are subject, 
however, to more strict limitations in 
application : for example, in the deeply 
alluviated lower Mississippi Valley, 
they are only partially successful. 
Here, alluvial sands and gravels are 
underlain by fine-grained marine clays, 
and resolution of depth to this stiff clay 
is indeterminate because these clays 
transmit the elastic wave at a lower 
velocity than the water-filled sands and 


gravels. 
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In White County, Ill, an electrical- 
resistivity survey was made for the 
purpose of locating a source of water 
for injection into an oil-producing stra- 
tum and waterflooding it, in order to 
increase the amount of recoverable oil. 
In this area the deep bedrock valley 
which was formerly occupied by the 
ancient Wabash River is about 6 mi 
wide and is filled to an average depth 
of 125 ft. The upper 50-60 ft of the 
filling is silt and clay. Below this are 
extensive sand and gravel layers. 
There depth profiles were made along 
a few widely spaced lines crossing the 
valley. Other depth profiles placed 
along short cross-valley lines detailed 
the area of high resistivity. Borings, 
made for control and correlation of 
the resistivity observations, showed 
50-70 ft of gravel and sandy gravel. 
These gravels were hydraulically con- 
nected with other gravels over a con- 
siderable distance in this buried valley. 

Although resistivity methods have 
been best applied to unconsolidated 
materials, they have been employed 
with a degree of success in locating 
sinkholes and caverns in a limestone 
under a relatively thin cover. These 
were engineering studies for founda- 
tion purposes, but conceivably they 
could be used to locate solution cavi- 
ties and fissures, which sometimes 
carry large quantities of water. This 
water is often susceptible to contamina- 
tion, however, and the fissure system 
has recharge problems. 

In the consolidated water-bearing 
rocks, neither resistivity nor seismic 
methods are of much direct value. 
Their chief value is that they can help 
in the solution of geologic structure 
problems. 
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Responsibility of the Consulting Engineer 
in Water Plant Construction 


Murray A. Wilson 


A paper presented on April 11, 1957, at the Kansas Section Meeting, 
Wichita, Kan., by Murray A. Wilson, Cons. Engr., Salina, Kan. 


ISCUSSION of the subject of en- 
gineering responsibility could be 
limited to the periods of during and 
after construction, but the subject can 
be discussed more adequately and un- 
derstandably by looking at a job as a 
whole and considering the engineer’s 
responsibility all the way through. 
Thinking is, in itself, a difficult oc- 
cupation, and thinking in the abstract 
is the most difficult. Therefore, the 
best approach to this subject is to as- 
sume that there is a city of 2,000 popu- 
lation, which has decided that it prob- 
ably needs a new water purification 
plant; it has found, perhaps somewhat 
to its astonishment, that it cannot order 
one from a mail order catalog ; and that 
it will probably need to retain an engi- 
neer to help get the plant through its 
many stages of construction and into 
operation. 


Responsibility of Planning 

The engineer’s responsibility begins 
when he first interviews the members 
of the governing body and appears be- 
fore that group with the intention of 
persuading them to contract with him 
for his services. His responsibility at 
this stage consists in telling the men 
of this town the truth, as he knows it: 
the truth about himself, his organiza- 
tion, his experiences, and his accom- 
plishments. Members of the govern- 
ing body have some responsibilities, 


too, because they should investigate the 
man who is offering his services, talk 
to some of his former clients, and as- 
sure themselves that his way of doing 
business will be acceptable to them and 
to the citizens whom they represent. 
It is the engineer’s responsibility not 
only to tell them the truth about him- 
self, but also to outline to them the 
steps which must be followed to carry 
out the project and make it clear to 
them the part of the work which they 
themselves must perform, as well as the 
part for which he will assume full 
responsibility. 

When the engineer gets the assign- 
ment, he starts to prepare the prelimi- 
nary report which will be used as a 
basis for an election to determine 
whether bonds will be issued to con- 
struct the plant. Here is where tech- 
nical responsibility really begins. Too 
often in the past the tendency has been 
for the engineer to get the preliminary 
report done with a minimum of effort 
and little, if any, research. In some 
instances, especially when competition 
is keen, the procedure has been to place 
a ridiculously low price on the pre- 
liminary report and then, by cutting 
corners and eliminating any original 
research or original thinking, to try to 
produce the report for the amount of 
money which he named as the fee. 
For the preliminary report to be worth- 
while, it requires all the essential in- 
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vestigation needed for the design of 
the plant; and engineers and water su- 
perintendents might well expend the 
effort to conduct a campaign of edu- 
cation to get members of the governing 
bodies thoroughly convinced of the 
truth of this, so they can be persuaded 
to spend enough money for the prelimi- 
nary report to enable the engineer to 
do it properly. 

As the engineer assembles the basic 
data for the design of the plant, he 
should make sure that the town is in 
financial condition to undertake the 
project. He should satisfy himself that 
the water supply which is to be treated 
in the plant is adequate. If it isn’t, he 
should certainly discuss the implica- 
tions with the governing body and ex- 
plain fully the future troubles that will 
arise from the construction of a plant 
which is not supported by a dependable 
and adequate supply. He should study 
the history of the town as to its rate 
of growth, and study it for any peculi- 
arities which might cause it to deviate 
from the average performance of towns 
in its class. His report should outline, 
in terms which the members of the 
governing body can understand, the 
basic reasons behind his choice of the 
component parts of the plant, the rea- 
sons for size, a description sufficient to 
make the preliminary plans understand- 
able, and an estimate of cost which 
should be sufficient to build what he 
has described, together with the other 
expenses which the town will incur in 
handling the project. He should send 
this report to the members of the gov- 
erning body and to the water superin- 
tendent, and after they have had time 
to read and study it, he should meet with 
them to answer their questions and ex- 
plain any and all items which are not 
clear to them. At the same time he 
should transmit a copy to the state 
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board of health for its review and com- 
ments. It is his duty to help the men 
who represent the town understand 
what they can expect from such a plant 
and how it can be fitted into their water 
works system. At this stage, the basic 
responsibility of the engineer is to an- 
swer five questions: [1] Is the plant 
adequate?; [2] Will it work?; [3] 
Can it be built for the estimated cost?; 
[4] Can the community legally afford 
it?; and [5] Does the governing body 
understand the situation? If all can 
be answered in the affirmative, then 
the engineer is justified in feeling that 
he has been aware of his responsibili- 
ties up to this point. 

In preparing the detailed plans for 
the project, the engineer should review 
the problems pertaining to it, review 
the data which he has previously as- 
sembled, and fill in all the missing links 
by obtaining the additional facts he 
needs to complete the basic data. As 
the design proceeds, he usually finds 
that minor changes in his preliminary 
layout need to be made, and occasion- 
ally major changes seem desirable. He 
should bear in mind, however, that his 
client has approved a certain arrange- 
ment and general layout for the plant, 
and he should keep them informed of 
all but the most insignificant changes 
and get their approval. He should 
search diligently to find out what new 
equipment, methods of control, and 
materials of construction are available, 
and find out whether they have proved 
satisfactory under similar conditions 
and whether they would be applicable 
to his current project. He should see 
that the plans are prepared in suffi- 
cient detail that anyone familiar with 
water treatment could analyze the plant, 
and particularly the plans should be so 
arranged and in enough detail that a 
contractor may build the job without 
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guessing and with a minimum of con- 
fusion. His specifications should be 
written understandably, should con- 
tain definite instructions about every- 
thing he wants done, and be entirely 
free of ambiguous and extraneous 
phrases. 

It is the engineer’s duty, as soon as 
the plans and specifications are com- 
pleted, to submit them to the board of 
health for review and approval. At the 
same time he should assist the city 
clerk or water superintendent in filling 
out the formal application which is the 
official request from the city to the 
board of health for permission to con- 
struct the proposed improvement. He 
should be present at a session with the 
governing body and explain the plans 
so that it will have a clear understand- 
ing of what the final results will be. 
If the city already has a water superin- 
tendent, the engineer should go still 
more into detail with him and be sure 
that he thoroughly understands the 
plans from beginning to end. If the 
city does not already have a water su- 
perintendent, it should acquire one at 
this stage of the project so that he may 
become familiar with all the details of 
design and construction as the work 
progresses. 

In fact, throughout the preparation 
of the preliminary report and of the 
working drawings, the engineer should 
confer with the water superintendent, 
if there is one, not only for diplomatic 
reasons but also for the good of the 
project. More often than not the su- 
perintendent will have many pertinent 
and practical ideas which will improve 
the operation of the plant. Both engi- 
neer and superintendent, however, 
should approach the problem with an 
open mind, because even in this busi- 
ness it is very rare that one individual 
knows all the answers. They should 
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be willing to compare and trade ideas 
from the standpoint of mutual helpful- 
ness and not with the hope that one of 
them will finally be able to expose the 
ignorance of the other. Too often the 
designer has not had sufficient operat- 
ing experience to foresee the difficulties 
which arise with most operations, and 
often he does not realize that some 
slight shifts in arrangement would ma- 
terially reduce the effort required to 
keep the plant in operation. He should 
welcome the suggestions of a practical 
nature which will add to the comfort 
and ease of operation. On the other 
hand, he should be just as firm in veto- 
ing impractical suggestions which are 
sometimes made by men who are not 
thoroughly familiar with the theory of 
water treatment, and should never lose 
sight of the fact that the design is his 
basic responsibility. He should never 
permit diplomatic or political considera- 
tions to allow him to accept faulty 
design. 


Responsibility During Construction 
Assuming that those problems have 
all been settled, the contract has been 
let, and the project is under construc- 
tion, the engineer’s responsibility now 
takes on a more concrete form. Gen- 
erally speaking, it is his duty to see 
that the contractor builds the job ex- 
actly as shown on the plans and as de- 
scribed in the specifications. This is 
not to imply that the plans and specifi- 
cations which form a part of the con- 
tract are related in any way to the laws 
of the Medes and Persians, “which 
altereth not.” Since the engineer and 
his assistants are human beings, it is 
inevitable that errors and omissions will 
show up in the plans and specifications 
as these latter are being translated into 
concrete and steel. So on every job, 
there will be occasions when deviation 
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from the plans or specifications will be 
found desirable, and this should be 
accomplished by change orders sub- 
mitted to and agreed to by the par- 
ties to the contract and made a part of 
the permanent records. He should re- 
quire shop drawings to be submitted 
on everything that is put together away 
from the job site: such as reinforcing 
steel, equipment, and other prefabri- 
cated items. It is his duty to check 
these against the plans and specifica- 
tions and against each other to make 
sure that the units will work together 
under any of the prescribed conditions. 
When the contractor reaches the sub- 
grade for his footings, they should be 
examined to see if they are equal to 
the assumptions made during design, 
which were necessarily based on the 
data secured from test holes. If he 


finds a variation in the supporting 
power at any point, he should not hesi- 


tate to call for such additions as are 
necessary to make the structures sound 
and safe. Such additions of course 
call for a change order which carries 
with it additional pay to the contractor, 
and it is the engineer’s responsibility 
to see that the price agreed upon is 
fair to both parties and that the gov- 
erning body understands the necessity 
for the additional work. It is his duty 
to see that materials which are incor- 
porated into the structure meet the 
quality as described by the specifica- 
tions and that they are constructed and 
put together in a neat, workmanlike, 
and satisfactory manner. He should 
check reinforcing steel for size, spac- 
ing, and position, and should check all 
portions of the structure for dimensions 
and elevations. He should keep clearly 
in mind the uses to which the various 
structures will be put and insist on the 
requirements which special uses may 
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make necessary. He should insist on 
neatness and good workmanship, uni- 
versally, whether the results will be 
exposed to public view or not. 

As equipment is delivered to the site, 
he should check it to see if it is of the 
size, capacity, and quality of that which 
was approved in reviewing the shop 
drawings. As this equipment is in- 
stalled, he should keep constantly in 
mind what each piece of equipment will 
be doing and make sure that it is in- 
stalled in such a way that it will oper- 
ate. After the installation is complete, 
each piece of equipment should be op- 
erated to be sure that it actually per- 
forms the function for which it was 
ordered. The feed machines should 
be calibrated and operated under all 
conditions and rates to be sure that 
they cover the fuil range of specified 
delivery rates. The basins should be 
thoroughly tested, and any seepage or 
leaks should be repaired at once. Be- 
fore the project is finally accepted, the 
engineer should require the contractor 
to put the plant through a complete op- 
eration, make sure that all the struc- 
tures are usable, and that all the ma- 
chines really work. 


Responsibility After Construction 


When the plant is complete, the final 
estimate to the contractor has been ap- 
proved, and the state board of health 
has examined the plant and approved 
it, it is then ready for the city to take 
over and operate completely. It is also 
the responsibility of the engineer to 
make sure that the city’s plant super- 
intendent understands what he is about 
todo. In other words, he should know 
how the plant was built and how to 
operate it, and should have clearly in 
mind the limitations, both with respect 
to quantity and quality, which are in- 
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herent in the plant. The engineer 
should provide the superintendent with 
as-built drawings, which show how the 
plant was constructed and where the 
hidden pipelines are actually located. 
He should provide sufficient operating 
diagrams and operating instructions to 
enable the superintendent to refresh his 
memory from time to time until he be- 
comes thoroughly familiar with all the 
details. He should provide the super- 
intendent with a list of equipment 
showing the make, size, serial number, 
manufacturer, and the address of the 
nearest source of parts and repairs. 
He should call to the attention of the 
superintendent the critical points in 
the process within the plant and make 
sure that the superintendent under- 
stands the order in which valves and 
switches should be closed or opened, 
and in general, the sequence of any set 
of operations. 


Responsibility of City 

As in any dealings between human 
beings, responsibility does not always 
rest wholly on one side, and the rela- 
tionship of a consulting engineer to the 
governing body of the city is no ex- 
ception. There are some responsi- 
bilities which the governing body has 
toward the consulting engineer, and 
these should be pointed out along with 
the responsibility of the engineer. The 
city should not expect the consulting 
engineer to take a green hand, alto- 
gether unfamiliar with the water plant 
operation, and to train him for the job 
of superintendent at his own expense 
and without cost to the city. The en- 
gineer should see that the governing 
body understands clearly the nature of 
the plant and the type of operation 
which they can expect from it. On the 
other hand, the governing body should 
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not criticize and belabor the engineer 
for the fact that the plant is not fully 
automatic, that it is not self-operating, 
and that care and operation of the plant 
requires labor and intelligent manage- 
ment. Putting it another way, the 
governing body has no right to blame 
the engineer for the fact that it has 
a pickup truck instead of a Cadillac, 
when the pickup truck was all that it 
could afford and the engineer clearly ex- 
plained that such was the type of equip- 
ment it was going to be furnished. 
Situations of this nature have devel- 
oped into a three-way battle which 
ended with everybody concerned a 
loser. 

The proper conduct and procedures 
of the consulting engineer are clearly 
and concisely set forth in the codes of 
ethics of any of the reputable engineer- 
ing societies. An engineer who ad- 
heres to these principles will certainly 
avoid any justifiable criticism. The 
legal liability of the engineer is not so 
clearly determined. To operate le- 
gally, the consulting engineer must, of 
course, be licensed to practice in the 
state in which he does business. A 
few courts have decided that a man 
could not collect an engineering fee if 
he was not properly licensed as a pro- 
fessional engineer. There have also 
been several interesting cases decided 
in various states of the union in which 
the court has ruled that the engineer or 
architect involved in the project could 
not collect his fee if the project failed 
to be constructed, due to the fact that 
bids could not be obtained within the 
engineer’s estimate. One occasionally 
hears of an argument developing be- 
tween the engineer and his client which 
seems to be based on political reasons 
where some member of the governing 
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body or the superintendent attempts to 
use the engineer as a scapegoat by blam- 
ing him for all the points in which the 
plant has fallen short of absolute per- 
fection, many of which are entirely 
outside the control of the engineer. 
This situation sometimes develops, due 
to the lack of communication and the 
failure of the engineer to explain prop- 
erly and clearly the details of the plant 
to those who rightfully merit such 
explanation. There are occasions, 


however, when it is purely a clash of 
personalities or an attempt of certain 
individuals to cover up their own short- 
comings and mistakes by blaming their 
troubles on the engineer. 

The whole matter can be summed up 
briefly by pointing out that the only 
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way that a job can be done smoothly 
and satisfactorily is for the governing 
body to select an engineer in whom it 
has confidence, and for the engineer 
to deal honestly and openly with the 
members of the governing body, lead- 
ing them to a compromise between 
what they think they want and what 
they can really afford, and then mak- 
ing sure that they get exactly what 
was specified and designed. If each 
of the many individuals involved in a 
project of this kind will honestly try 
to understand the other man’s view- 
points, abilities, and limitations, the 
work can go along on the basis of mu- 
tual trust, which in the end will pro- 
vide the best job and the most satis- 
faction for all concerned. 
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Effects of Seeding Cumulus Clouds 


Roscoe R. Braham Jr. and Louis J. Battan 


A contribution to the Journal by Roscoe R. Braham Jr. and Louis J. 
Battan, both of the Cloud Physics Laboratory, Dept. of Meteorology, 


Univ. of Chicago, Chicago, Ii. 


HE clouds of the atmosphere are 

a natural resource, with the same 
potentialities as the forests, fields, 
lands, and streams. The desirability 
of finding methods for using this re- 
source is uppermost in the minds of 
those who have studied the problem of 
satisfying the world’s insatiable appe- 
tite for water. It is understandable, 


therefore, that cloud seeding has been 
considered by some as a last hope for 
a dwindling water supply and by others 


as a form of insurance for keeping 
water supplies at comfortable levels. 

Cloud seeding, unfortunately, has 
been the subject of controversy since 
the initial experiments more than 10 
years ago. The roots of the contro- 
versy lie in an inadequate knowledge of 
the physics of natural and artificially 
induced precipitation and in doubts 
about the suitability of methods for 
assessing the results of most past cloud- 
seeding experiments. 


Seeding Research at Chicago 

In the spring of 1952, scientists of 
the Cloud Physics Laboratory of the 
University of Chicago Department of 
Meteorology undertook a systematic 
study of the effects of seeding cumulus 
clouds. This study was begun because 
of the huge gap between the reports of 
the commercial cloud seeders and the 
findings of the US Weather Bureau’s 
cloud physics project (1). This re- 


search, begun in 1952, has continued 
to the present time. 

The objective of the cloud physics 
research at the University of Chicago 
is the formulation of a consistent and 
immediately applicable picture of the 
natural processes of cloud and precipi- 
tation development with a view toward 
testing the possibility that one can mod- 
ify these processes and influence the 
natural behavior of clouds. Emphasis 
is divided between conducting carefully 
controlled seeding experiments and 
carrying out studies of the fundamental 
physics of natural precipitation. Chi- 
cago scientists believe that the greatest 
likelihood of success in cloud seeding 
will come from basing seeding technol- 
ogy upon a firm foundation of funda- 
mental understanding of natural cloud 
and precipitation mechanisms. By 
carrying out a large number of ex- 
periments—identical in every respect 
except that the clouds in half of the 
experiments are treated whereas those 
in the other half are not—the experi- 
menter is in a position to learn about 
natural processes from the nontreating 
experiments and to determine the effect 
of seeding by contrasting the treating 
and nontreating experiments. Such a 
scheme is used to permit the investi- 
gators to draw valid conclusions about 
the effects of the seeding in the face of 
large natural variations in the “raini- 
ness” of clouds. 
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Engineers who are pressed to meet 
rising demands for water in the face 
of falling water supplies may find it 
difficult to accept a plan where only 
half the seeding opportunities are used. 
It is a hard fact, however, that there 
is no other technique available today 
for carrying out an experiment suitable 
to clear-cut analysis and statement of 
results when dealing with weather phe- 
nomena which have large natural 
variations. 


Emphasis on Cumuli 


One of the first steps in solving a 
difficult problem is to break it up into 
a series of smaller ones which are indi- 
vidually less difficult. The Chicago 
cloud physics group undertook a study 
of the effects of seeding convective 
clouds. Clouds of this type—cumuli, 
for example, commonly seen in thun- 
derstorms—provide substantially all of 
the summer precipitation in the United 
States. 

Cumulus clouds are particularly 
suited to systematic cloud-seeding stud- 
ies because they are individually identi- 
fiable and retain their identity through- 
out their histories. The research re- 
ported in this article was carried out 
from instrumented airplanes which 
were used to place the seeding material 
directly in the active regions of the 
clouds and to follow the development 
of precipitation regions within the 
clouds. In this way it was possible to 
strip the problem of the difficulty of 
knowing where and when the seeding 
materials reach the clouds—as is in- 
variably the case with seeding from 
ground generators. 

Airplanes—three B-17’s and one 
B-26—for use on this research, and 
financial support for the investigations 
were supplied by the US Air Force 
under contract between the University 
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and the Air Force Cambridge Research 
Center. During the period from Au- 
gust 1953 through September 1956, 
field operations were carried out from 
Chanute Air Force Base, Rantoul, IIl.; 
Ramey Air Force Base, Puerto Rico; 
and Davis-Monthan Air Force Base, 
Tucson, Ariz. In all, 247 research 
flights’ were conducted. On these 
flights, a total of 184 large, bulging 
cumulus clouds were treated and fol- 
lowed throughout their life span in 
order to establish the behavior of the 
cloud following treatment. Over 200 
cumuli were followed in detail through 
their natural life and well over 1,000 
similar clouds were studied in order to 
determine their “rainability index”— 
the probability of rain formation as a 
function of measurable physical quali- 
ties of the clouds. This report is based 
upon the analysis of these data. 


Experimental Program 

In preparing a cloud-seeding ex- 
periment, one must keep in mind the 
basic problem of separating the ef- 
fects of seeding from purely natural 
effects. This requires special precau- 
tions against subjectivity and bias of 
the experimenter and care to insure 
that natural meteorological variations 
will not mask the effects from seeding. 
In order to accomplish these objectives 
a system was set up whereby the scien- 
tist selecting the clouds for study had 
no knowledge of which clouds were ac- 
tually seeded. On each day at a par- 
ticular location, clouds were worked in 
pairs—one seeded and one unseeded— 
so that the behavior of the seeded cloud 
could be assessed against that of the 
unseeded. 

In designing the experiment it was 
decided to study the initiation of pre- 
cipitation divorced, if possible, from the 
problem of producing more rainfall. 
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By the term “initiating precipitation” is 
meant the process of causing precipita- 
tion to form in clouds in which it would 
not form through natural causes or, al- 
ternatively, causing it to occur signifi- 
cantly earlier than it would have oc- 
curred naturally. These processes are 
to be contrasted to “increasing the 
rainfall” which refers to the act of 
starting any processes which will result 
in greater amounts of rain at the 
ground than would have occurred 
through natural causes. In all likeli- 
hood, to be successful at initiating rain 
will automatically mean increasing rain 
at the ground, and the latter must obvi- 
ously be the ultimate goal of cloud 
seeding. 

The distinction between these two 
mechanisms is made because the ability 
to measure the results is totally dif- 
ferent in the different situations. Rain- 


fall at the ground is measured by means 
of surface gages which are small and, 
usually, widely spaced compared with 
the dimensions of individual rain cells. 
This means that it is difficult to deter- 
mine the amount of rain falling from 


a single storm or group of storms. The 
problem is particularly acute in the case 
of the convective storms which charac- 
terize summer rainfall. By taking 
averages over long periods of time one 
can determine the rain over an area 
from rain gages. Unfortunately this 
approach is not satisfactory for assess- 
ment of seeding trials because it in- 
creases the likelihood of error arising 
from temporal changes in natural rain 
in direct proportion to the length of 
period considered. Radar can be used 
to detect the presence of rain and pres- 
ent research offers promise of making 
radar useful for measuring the quantity 
of rain. This system, however, is still 
in its infancy. 
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Contrasted with the problems of 
measuring rain amounts at the surface, 
perfectly acceptable means are available 
for measuring the initiation of precipi- 
tation within any given cloud. Prop- 
erly operated radar can provide a “yes” 
or “no” answer to the question of rain 
initiation. This objective capability of 
the radar was one of the decisive fac- 
tors in the decision by the university 
to center its investigation about “pre- 
cipitation initiation” rather than “pre- 
cipitation increase.” 


Flight Program 


To carry out the research it was 
necessary to make a series of measure- 
ments of relevant physical parameters 
of a large number of seeded and un- 
seeded clouds. Three B-17’s were used 
to carry personnei and the equipment 
required to [1] free-air temperature ; 
[2] dew point temperature; [3] cloud 
liquid-water content; [4] cloud drop- 
let size and number; [5] icing rate; 
[6] electric fields within the clouds; 
[7] precipitation (time of formation, 
location, and size of precipitation 
area); [8] vertical air motions; and 
[9] atmospheric particulates which 
could serve to nucleate cloud droplets. 

Additionally, the airplanes were 
equipped to dispense seeding reagents. 
Two such reagents were used. Some 
of the clouds were treated with dry-ice 
pellets released within the clouds at a 
rate of 50 Ib/mi of flight. Others were 
treated with a spray of water droplets 
released from a large tank within the 
airplane at the rate of 450 gal/mi of 
flight. 

The methods used for selecting the 
individual clouds for investigation are 
thought to be novel in cloud-seeding 
trials. Since the primary objective was 
to determine the microphysical condi- 
tions associated with natural rain émiti- 
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ation and to attempt to create precipi- 
tation in clouds in which it would not 
occur naturally, it was essential that the 
cloud under study contain no precipita- 
tion before study of it began. Thus the 
first step in the study was for the senior 
investigator to select a cloud which was 
suitable for the experiments at hand 
and which he thought likely to produce 
rain through natural causes. To be 
suitable for dry-ice seeding, the clouds 
had to be firm in appearance, have a 
solid base, appear to be growing (sig- 
nifying a good updraft), extend to a 
height where dry-ice seeding could be 
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accomplished all that seeding could 
hope to do. When it had been deter- 
mined that the cloud did not contain 
precipitation, the senior investigator 
declared the cloud to be suitable for 
continued study. 

The method of studying the clouds 
consisted of making repeated passes 
through the cloud to permit repeated 
measurements of all the cloud parame- 
ters. The first pass through the cloud 
was called “the seeding pass” although 
only half of the suitable clouds were 
seeded. After the senior investigator 
had declared a cloud suitable, another, 


5 Over Ocean Near 
Puerto Ri ew 
Centra! United States 
60 
Altitude of Cloud Top — thousands of feet 
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effective (average temperature of tops 
of clouds at times of seeding was 
— 7°C), and had to be located where 
natural seeding (drizzle, falling ice 
crystals, and so on) was unlikely. 
Once a cloud had been selected for 
study it was examined for the presence 
of precipitation. A special radar 


mounted on the nose of the airplane 
was used for this purpose. If precipi- 
tation was found to exist inside the 
cloud (even though it did not appear 
at the cloud base) the cloud was aban- 
doned), for in this event, nature had 


Temperature of Cloud Top —°C 
Fig. 1. Relation of Precipitation Development to Cloud Height 
Census was taken of cumulus clouds in three geographically different regions indicated. 


within the airplane, opened a set of 
sealed instructions which determined 
whether or not a particular cloud was 
to be seeded. The actions of this sec- 
ond investigator were unobserved by 
the first who had no way of determin- 
ing whether or not the seeding material 
had been released from the airplane. 
Regardless of whether or not the 
cloud was seeded, the airplane made re- 
peated passes through it, until the cloud 
developed into a large, vigorous rain- 
storm or until it dissipated through 
evaporation. An average of 30-45 min 


= 


Feb. 1958 


was required to complete the measure- 
ments on a single cloud. A second 
cloud was then sele-ted and the entire 
routine repeated except for the seeding, 
for clouds were always studied in pairs, 
and if the sealed instructions directed 
that the first cloud be seeded, the sec- 
ond cloud was not—or the reverse. 
This flight procedure continued until 
all suitable clouds in the area had dis- 
sipated or until the flight time of the 
airplane was exhausted. Studying the 
clouds in pairs permitted a comparison 
between seeded and unseeded clouds on 
a given day. In this way the day-to- 
day variations in the probability of for- 
mation of the clouds could not confuse 
the seeding results. 


Cloud Census 


Detailed studies of the kind described 
above were time consuming although 
indispensable. It was imperative, 
therefore, that a corollary study be 
made to relate the probability of natural 
rain in a given cloud to the more 
tractable physical parameters of the 
clouds. Such a study—called a cloud 
census—requires examination of a 
large number of clouds in a short time, 
in order to determine which have devel- 
oped rain through natural processes. 
The results of such studies are shown 
in Fig. 1. 

Data of this kind are very revealing. 
For example, it is shown that natural 
precipitation develops in every cumulus 
cloud in the Caribbean before it grows 
to a height where ice crystals could 
possibly be involved. Seeding such 
clouds with ice-forming material such 
as dry ice or silver iodide could not 
possibly initiate precipitation. For 
this reason, cloud seeding in the Carib- 
bean was done with a spray of water 


droplets. 
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The cloud census of cumulus clouds 
in central United States and the South- 
west shows that it is rather unlikely 
that precipitation will develop before 
the time the clouds reach the freezing 
level. On the basis of these data only, 
one might conclude that there is a pos- 
sibility for rain initiation through dry- 
ice or silver iodide seeding. Other 
sources of data not reported here lead 
one to question the magnitude of this 
possibility, however (2). 


Water Spray Seeding 


Because of the importance of non-ice 
mechanisms in rain formation in many 


TABLE 1 
Results of Water Spray Treatment of Tropical 
Cumuli 


Rain(+) or No Rain(—) 
No. of Pairs 
of Clouds 


Treated Untreated 


With Large Valve 


17 
18 


areas of the world, a large part of the 
study was devoted to seeding cumuli 
with water spray. In this effort, the 
water was released from a 400-gal tank 
in the bomb bay of the airplane. In 
early studies, the water was dumped 
through a 4-in. diameter quick-release 
valve which provided a flow rate of 
about 130 gal/mi of flight. After sev- 


With Small Valve 
3 + + 
3 + 
4 - + 
22 - 
5 + 
6 ~ + 
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eral experiments which failed to initiate 
rain, the valve was changed to a 10-in. 
square dump valve which increased the 
flow rate to about 450 gal/mi. This 
larger flow rate proved effective in rain 
initiation. 

The results of the water spray treat- 
ment experiments are shown in Table 1 
where it can be seen, for example, that 
there were four pairs of clouds in which 
the untreated produced rain (as re- 
vealed by a radar echo) and the treated 
clouds produced none. 

The large-valve data are statisti- 
cally quite significant. The probability 
that one could get the observed 17-6 
split had there been no effect from the 
seeding is 0.017. In other words, the 
experiments show, with high statistical 
significance, that the release of water 
at the rate of 450 gal/mi into cumulus 
clouds initiated precipitation in clouds 
where it would not have occurred 
naturally. 

The data from the small-valve stud- 
ies do not permit the conclusion that 
the spray had an effect on the develop- 
ment of precipitation. Further engi- 
neering of the spray release might im- 
prove the effectiveness of the spray and 
produce positive results from flow rates 
less than the 450 gal/mi of the large 
valve. 

This same positive effect was appar- 
ent when the other physical parameters 
of the clouds were studied. For exam- 
ple, in the seeded clouds, the rain 
formed earlier than in the unseeded 
ones. A study of the rain echoes from 
the seeded clouds showed their size and 
duration to be essentially similar to 
those of the unseeded clouds. Thus, 


these studies show that one can initiate 
rain in cumuli through water seeding 
and that the rain region thus formed 
will be similar to naturally formed 
ones. One must conclude, therefore, 
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that water spray increases the water 
falling to the ground from cumulus 
clouds. It must be borne in mind, 
however, that clouds suitable for water 
seeding are rather small—less than 
8,000 ft thick—and that a substantial 
flow of water spray is required. 
Larger clouds rain naturally and 
smaller flow rates appear to be in- 
effective. It should also be borne in 
mind that the bulk. of these data were 
taken in the Caribbean area. It is 
likely that the larger nonraining cumuli 
of the continent would yield propor- 
tionately more water through water- 
spray methods. 


Seeding With Dry Ice 
Dry-ice treatment studies have been 
carried out in central United States 


TABLE 2 


Results of Dry-Ice Treatment of Subcooled 
Cumuli in the United States 


Rain(+) or No Rain(—) 
No. of Pairs 
of Clouds 
Treated Untreated 
1 + + 
7 + 
9 + - 
~ 
and in the Southwest. Unfortunately. 


it was necessary to terminate this phase 
of the research before adequate data 
were obtained; nevertheless, the data 
which were obtained are suggestive. 
The results of the dry-ice treatment 
tests are shown in Table 2. It can be 
seen that of the 31 pairs of dry-ice 
treated clouds, 16 pairs contribute in- 
formation concerning the efficacy of 
dry-ice treatment. These 16 pairs are 
split 9-7 in favor of positive results. 
The probability of obtaining a 9-7 split 
in a sample of 16, should there be no 
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effect, is rather high and it must be 
concluded that these neither support 
nor deny the hypothesis of positive 
seeding effects. 

The data do show quite conclusively, 
however, that dry-ice seeding of cu- 
mulus clouds will not lead to the spec- 
tacular effects that have sometimes 
been described as occurring following 
single seeding trials. It must be con- 
cluded that it is likely that such seem- 
ingly extraordinary developments of 
clouds following seeding with dry ice 
are due solely to natural meteorological 
processes. 

The inconclusive results following 
the seeding of cold, supercooled cumu- 
lus clouds with dry-ice pellets have 
been the subject of a great deal of 
study. At first thought these results 
would appear to be incompatible with 
laboratory findings. There is no ques- 


tion but that dry ice can be used to 
cause a supercooled cloud to convert 
to ice crystals under laboratory condi- 


tions. Why did the clouds in nature 
not show similar effects? 

The possibility of “overseeding” * 
was first considered ; however, the de- 
sign of the research plan meant that a 
complete record of the form and size 
of the cloud particles was available for 
the entire life of the storm. The col- 
lections of cloud particles showed that 
liquid water particles were present 
throughout the life of the cloud, even 


* The term overseeding is used to denote 
the condition where the number of ice- 
forming nuclei is too large for the amount 
of liquid water in the cloud. If overseeding 
were to occur, there would be insufficient 
water present to permit the individual ice 
crystals to grow large enough to become 
effective in the precipitation process. Re- 
search at the University of Chicago suggests 
that it is impossible to overseed the atmos- 
phere with any reasonable number of exist- 
ing seeding generators. 
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though the clouds had been seeded. 
In other words, the ice particles were 
not starved for water and clouds had 
not been overseeded. 

The most likely reason for the failure 
of dry-ice seeding to produce positive 
effects is that the average life of a 
cumulus cloud, following first inspec- 
tion, is approximately the same as the 
time required for small ice crystals to 
grow into particles large enough to be 
important in the development of pre- 
cipitation. The probability that natural 
rain will develop in a cloud is directly 
proportional to the length of life of 
the cloud. In the University of Chi- 
cago studies, every unseeded cumulus 
cloud lasting more than 25 min devel- 
oped precipitation through natural 
causes. The average life of a cumulus 
cloud after seeding was between 15 and 
20 min. About 15 min is required for 
dry-ice (or silver iodide) seeding to 
produce precipitation of particles, after 
such particles have begun growing 
within the clouds. It follows, there- 
fore, that the average cloud was begin- 
ning to dissipate by the time the pre- 
cipitation particles grew to detectable 
sizes. 


Summary 


Through a long and very careful 
series of field experiments, it has been 
shown that the formation of precipita- 
tion can be induced in relatively small 
cumulus clouds, in which it would not 
form naturally, through the use of 
water spray released inside the clouds. 

Experiments involving the treatment 
of supercooled cumulus clouds with 
dry ice released into the cloud at levels 
where the temperatures were favorable 
for ice crystal growth did not result in 
demonstrable seeding effects—either 
positive or negative. It was shown 
that it is unlikely that dry-ice seeding 
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will result in spectacular development 
of cumulus clouds for spectacular in- 
creases in the amount of precipitation 
from them, or both. The reason for 
this is thought to be that the lifetime 
of an average cumulus cloud is about 
equal to the time required for intro- 
duced ice crystals to grow into precipi- 
tation particles. This does not mean 
that seeding with ice-forming materials 
cannot have positive effects. Success- 
ful rain initiation conceivably can result 
from: [1] the initiation of precipitation 
in marginally small clouds which 
would not have lasted long enough to 
rain naturally ; [2] the growth of small 
(nonprecipitation) ice crystals in one 
cloud and the transfer of these parti- 
cles to a second cloud as the first cloud 
dissipates; or [3] resupplying clouds 
with ice nuclei after the natural ones 
have been consumed in the precipita- 
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tion processes. Only further basic re- 
search can solve these problems. 
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Improved Membrane Filter Medium for 
the Detection of Coliform Organisms 


——-Charles W. Fifield and Charles P. Schaufus—— 


A contribution to the Journal by Charles W. Fifield, Research Assoc., 
Dept. of Food Technology, Massachusetts Institute of Technology, 
Cambridge, Mass., and Charles P. Schaufus, Chief, Bacteriology Lab., 
Millipore Filter Corp., Watertown, Mass. 


N outstanding advance in methods 
applied in the field of water bac- 
teriology during the past several years 
has been the development of the mem- 
brane filter technique. Of the many 


advantages of the technique, perhaps 
the most significant is the ability to 
concentrate bacterial organisms from 
very much larger and, therefore, more 
representative samples. The successful 


recovery of distinguishable colonies de- 
pends to a large extent, however, on 
the adaptation of a suitable medium. 

In 1951, Clark, Geldreich, Jeter, and 
Kabler (1) advocated a two-step pro- 
cedure using Albimi M * medium and 
a modified Endo medium (EHC— 
USPHS Environmental Health Cen- 
ter) for use in the examination of water 
for the presence of coliform bacteria. 
Later, Goetz and Tsuneishi (2) sug- 
gested the use of special indicator broth 
media. In 1953, Taylor, Burman, and 
Oliver (3) modified MacConkey’s me- 
dium for use with the membrane filter. 
More recently, Hajna and Damon (4) 
reported the adoption of buffered des- 
oxycholate lactose broth as a one-step 
medium for the detection of the mem- 
bers of the coliform group. 

Of the coliform media suggested, 
perhaps the most widely used today are 


*A product of Albimi Labs Inc., Brook- 
lyn, N.Y. 


the EHC two-step procedure and 
M-Hajna Damon (M-HD) Endo 
broth (5) ; both have decided disadvan- 
tages. Because of its two-step nature 
(requiring an incubation period on en- 
richment medium prior to incubation 
on a selective medium), the EHC pro- 
cedure is time consuming. The coli- 
form recovery, however, is good. The 
M-HD Endo medium lacks clear-cut 
sheen differentiation of many of the 
intermediate coliform colonies. 

Recently, an improved medium, MF- 
Endo,t was placed on the market. 
Preliminary tests showed the medium 
to be superior in several respects to ex- 
isting coliform media. 

This investigation was conducted to 
determine the recovery and selectivity 
of this new medium for members of the 
coliform group. Confirmatory tests, 
carried out on the sheen and nonsheen 
colonies produced, involved the inocu- 
lation of lactose broth and nutrient 
agar slants for microscopic observation 
in accordance with Standard Methods 
(6, pp. 395-404). 

A coliform organism count compari- 
son was also made between MF-Endo 


+ Developed by the Millipore Filter Corp., 
Watertown, Mass., and available through 
Baltimore Biological Laboratory, Baltimore, 
Md., Difco Laboratories, Inc., Detroit, Mich., 
and Albimi Labs, Inc. 
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TABLE 1 
Formulation of MF-Endo Medium 


Sodium chloride 
Dipotassium phosphate 
Monopotassium phosphate 
Sodium lauryl sulfate 
Sodium desoxycholate 
Sodium sulfite 

Basic fuchsin 


of 95 per cent ethanol has been added. 
mixed and heated to boiling, iS tem 


and M-HD broth using three different 
natural water sources. Further, a 
pure-culture study was undertaken to 
determine the recovery of Esch. coli, 
Aer. aerogenes, and five coliform 
intermediates. 


Procedure 


MF-Endo medium was made up ac- 
cording to the formulation given in 


Table 1. M-HD Endo broth was made 
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up from a dehydrated medium. When 
not in use, the formulated medium was 
stored in a refrigerator and was not 
used after more than 4 days. 

Before the filtration procedure, 2.0 
ml of the medium was placed on an ab- 
sorbent pad in a disposable plastic petri 
dish. Membrane filters,* packed for 
autoclaving and sterilized at 121°C for 
10 min, were employed. After filtra- 
tion of the sample, the funnel was 
rinsed with about 25 ml of sterile 
water. The filter was removed and 
placed on the nutrient pad in the plastic 
petri dish. The dish was inverted and 
incubated at 37°C for 18 hr. 

Fifty-one samples, from three sam- 
pling sites, were analyzed. Each sam- 
ple was filtered in quintuplicate and, 
from each of the 255 filters, five sheen 
and five nonsheen colonies were picked 
and seeded in lactose broth tubes. At 
the end of 48 hr, all lactose broth tubes 
showing gas were streaked on nutrient 
agar slants and were examined micro- 
scopically 24 hr later. Gram-negative 
nonspore-forming rods, positive for gas 
in lactose, were recorded as coliform 
organisms. 

* Millipore filters, HA 47 mm; a product 
of Millipore Filter Corp., Watertown, Mass. 


TABLE 2 
Confirmation of Sheen and Nonsheen Colonies Grown on MF-Endo Medium* 


Sheen Coloniest 


Nonsheen Coloniest 


False Positives False Negatives 


Per Cent ; No. | Per Cent 


Charles River at Cambridge 
Charles River at Watertown 
Fresh,Pond at Cambridge 


13.6 17 3.3 
4.0 ) 51 11.3 
0.4 10 4.0 


Summary 


7.7 : 78 6.4 
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Amount 
Ingredient* g/l 
Tryptose 10.000 
Thiopeptone 5.000 
Casitone 5.000 
Yeast extract 1.500 
Lactose 12.500 
5.000 
4.375 
1.375 
0.050 
0.100 
2.100 
1.050 
| 
medium 
claved. 
. Sampling Point Confirmed 
No. | Per Cent} No. 
430 | 86.4 75 
457 | 96.0 19 
249 | 99.6 1 
1,136 | 92.3 95 
* From 51 samples, or 255 filters. 
t Total of 1,231 colonies. 
? t Total of 1,222 colonies. 
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It was necessary to pick all colonies 
while the filters were moist. The filters 
were then removed from the nutrient 
pads and dried for 1 hr on clean blot- 
ting paper, after which the sheen coio- 
nies were counted. The dried filter 
was placed between two pieces of glass 
and viewed under 16X magnification 
with direct lighting. 

Nutrient agar plates, used as con- 
trols in the pure culture studies, were 
incubated at 37°C for 24 hr. 


Discussion 


It is imperative that any medium 
used for water quality analysis should 
exhibit a minimum of false positives 
and false negatives. The results of the 
confirmation of 1,231 sheen colonies 
and 1,222 nonsheen colonies are cited 
in Table 2. These results show a low 
percentage of false positives (7.7 per 
cent) and false negatives (6.4 per 
cent). Furthermore, this work was 
carried out in two separate laboratories, 
with comparable results. 

The coliform density at one of the 
Cambridge sampling points was rela- 
tively low, and occasionally colonies 
were picked which, when wet, appeared 
to show a characteristic sheen but 
which would not have been reported 
as sheen colonies when dried. Al- 
though this error resulted in a higher 
number of apparent false positives, it 
was not considered in the tabulation 
of the data. 

As well as being selective, a good 
differential medium must also show a 
high rate of recovery of the desired or- 
ganisms. A coliform count comparison 
on 21 samples was made between MF- 
Endo and M-HD broth. The count 
given for each sample (Table 3) repre- 
sents the average of five filters. Only 
definite sheen colonies were recorded. 
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The difference in the quality and 
intensity of the sheer: of colonies grown 
on the two media was immediately ap- 
parent. The MF-Endo medium re- 
moves most of the uncertainty of 
whether or not a colony has sheen. 
This fact, along with the increase in 


TABLE 3 


Comparison of Sheen Counts* on MF-Endo 
and HD Endo Media 


MF-Endo Count! HD-Endo Count 


15.8 12.6 
21.2 14.8 
9.0 4.0 
216.0 108.6 
195.4 127.0 
181.6 109.8 
22.6 
30.4 
21.0 
19.4 
69.4 
14.4 
257.8 
14.2 
9.4 
28.0 
67.0 
12.0 
24.8 
25.6 
56.2 


wn 


1,311.2 


* Each represents the arithmetic average of the 
coliform count on five replicate membrane filters. 

t Samples 1-15 were taken from the Charles River 
at Cambridge; samples 16-21 from the Charles River 
at Watertown, Mass. 

t Regarded as 100 per cent recovery for purposes of 
parison, 
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coliform recovery of approximately 35 
per cent (Table 3) for these particular 
sampling points, indicates a distinctly 
superior medium. 

Since the entire coliform group of 
organisms, and not Esch. coli alone, has 
sanitary significance, a pure culture 
study was undertaken to determine the 
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16 
17 
18 
19 
20 
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Totals 875.2 
Per cent 66.7 
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TABLE 4 
Recovery of Coliform Organisms on MF-Endo Medium Using Controls 


W-46 Ww-2 


w-4 W-S 


IMViC 
Sheen on MF-Endot 20.8 27.6 
Count on nutrient agarff 21.5 28.8 


Recovery—per cent 97 96 


++--|-+-- 
47.6 61.4 50.4 
52.8 59.5 51.2 
90 103 | 99 


* IMVIC refers to the combination of four tests for biochemical reactions 
ius aan eines ges. In proper order, these are the indole, the methy! red, the Voges- 


Proskauer, and the citrate 


Average of 2 iguana filters and plates for each coliform type. 


Used as con 


recovery rate of Esch. coli, Aer. aero- 
genes, and five coliform intermediates. 
In all cases, sheen counts on MF-Endo 
were compared with total counts on 
nutrient agar plates. The results given 
in Table 4 show excellent recovery 
rates for all cultures used. 


Summary 


1. An improved medium, MF-Endo, 
was investigated for use in enumerating 
members of the coliform group of or- 
ganisms on membrane filters. 

2. The medium produces colonies 
with excellent, clear-cut sheen char- 
acteristics. 

3. Of 1,231 sheen colonies, picked 
from 255 filters, 92.3 per cent were 
confirmed as belonging to the coliform 
group. Of 1,222 nonsheen colonies, 
picked from 255 filters, 93.6 per cent 
were confirmed as not belonging to the 
coliform group. 

4. The coliform recovery rate of 
MF-Endo was found to be significantly 
higher than the recovery rate of M-HD 
Endo broth. 

5. Pure culture studies indicated a 
high rate of recovery for Esch. coli, 
Aer. aerogenes, and five coliform 
intermediates. 


Acknowledgment 


The authors wish to express their 
appreciation to Marcia Tully for tech- 
nical assistance with the laboratory pro- 
cedure and to Harold Thomas, Depart- 
ment of Sanitary Engineering, Harvard 
University, for his assistance in the 


interpretation of the data. 


References 


1. Crank, H. F. er at. The Membrane 
Filter in Sanitary Bacteriology. Pub. 
Health Repts., 66:951 (1951). 

2. Goetz, A. & Tsunetsui1, N. Application 
of Molecular Filters to the Bacteriologi- 
cal Analysis of Water. Jour. AWWA, 
43 :943 (Dec. 1951). 

3. Taytor, E. W.; Burman, N. P., @ 
Oxtver, C. W. Use of the Membrane 
Filter in the Bacteriological Examina- 
tion of Water. J. Appl. Chem., 3:233 
(1953). 

4. Hayna, A. A. & Damon, S. R. Coliform 
Detection in Water by a Single-Step 
Technique Using the Membrane Filter. 
Pub. Health Repts., 69:58 (1954). 

5. Apams, R. B. Comparison of Standard 
Dilution and Membrane Filter Methods. 
Jour. AWWA, 49:1452 (Nov. 1957). 

6. Standard Methods for the Examination 
of Water, Sewage, and Industrial 
Wastes. APHA, AWWA & FSIWA, 
New York (10th ed., 1955). 


Growth of a Water System 


Walter M. Franklin 


A paper presented on Nov. 12, 1956, at the North Carolina Section 
Meeting, Charlotte, N.C., by Walter M. Franklin, Gen. Supt., Char- 


lotte Water Dept., Charlotte, N.C. 


E first water system was placed 

in operation in Charlotte, N.C., in 
1881. Records indicate that prior to 
that time the closest approach to a 
public water supply in the city was 
four cisterns, each one located in one 
of the four wards of the city. These 
cisterns were used exclusively for fire 
protection. Apparently water for do- 
mestic consumption was obtained from 
numerous private wells. In 1881, the 


city council entered into a contract 
with a private corporation to construct 
a water supply and distribution system 
to serve the entire city. This company 


was named the Charlotte Water 
Works Co. The terms of the con- 
tract with the company stated that it 
was to supply adequate water for the 
needs of the city’s population, both for 
fire protection and domestic use. The 
quantity of supply indicated that no 
less than 100 gped would be made 
available. The city agreed to pay $2,000 
annually for 45 fire hydrants, with 
additional hydrants billed at $50 each. 
The source of supply was Sugaw and 
Briar Creeks, two of the three streams 
which flow through the city limits. 
Apparently the people were not too 
happy with the service provided by this 
company. The records indicate that 
numerous discussions were held in the 
city council meetings regarding the in- 
adequate service being furnished by 


the company. Therefore, in 1899, the 
city purchased the interest of the pri- 
vate water company for the sum of 
$226,000. This money was made 
available by bond election after the 
proper legislative approval had been 
given the city. In 1905, a 5-mgd ca- 
pacity filter plant and pumping station 
was placed in operation on Irwin 
Creek at a point about } mi east of the 
present Vest Station, and the Briar 
and Sugaw Creeks source of supply 
was abandoned. The Sugaw Creek 
drainage area was abandoned in order 
to allow the construction of a large 
textile manufacturing plant. 


Early Development 


In 1911, the Irwin Creek supply 
failed to the extent that a severe water 
shortage was experienced. Water was 
brought into the city by rail from 
nearby sources of supply. The city 
was then forced to utilize the Catawba 
River as a source. Consequently, a 
pumping station was built on this river 
at a site a few hundred yards north 
of the present pumping station, and a 
24-in. cast-iron pipeline was laid from 
the river to the filter plant on Irwin 
Creek. A raw-water storage reser- 
voir, known as the Hoskins Reservoir, 
having a capacity of approximately 60 
mil gal at the outset, was built on the 
highest ground between the river and 
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the filter plant, so that water would 
flow by gravity from the reservoir to 
the filter plant. Both steam and elec- 
tricity were used for distribution sys- 
tem pressure. 

In 1920, the Duke Power Company 
built what is now known as the Moun- 
tain Island Lake, this impounding res- 
ervoir being a part of the company’s 
chain of reservoirs on the Catawba and 
Santee Rivers. The formation of this 
impounding reservoir made it neces- 


Pig. 1. 


sary to relocate the Catawba Pumping 
Station on higher ground and at a 
location several hundred feet south of 
its original site. The top 10 ft of this 
reservoir retains approximately 8.25 
bil gal of water, thus providing the city 
with a very excellent impounding res- 
ervoir. The drainage area feeding the 
Catawba at the pumping station site 
measures approximately 1,800 sq mi. 
The USGS records, over a period of 
13 years, established a daily average 
discharge of the Catawba River at the 
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pumping station site of approximately 
1,560 mgd. 

In 1924, a new treatment plant and 
pumping station was built at Beatties 
Ford Road and the Seaboard Railway. 
This plant had a capacity of 8 mgd. 
Rapid sand filters of modern design 
were installed in this unit. Electric- 
driven pumping units were provided 
for distribution system pressure with 
gasoline engine—driven standby units 
provided. A finished-water ground 


Vest Pumping Station, Charlotte, N.C. 


level storage capacity of 3 mil gal and 
an elevated tank capacity of 1 mil 
gal were provided with this unit. 
Distribution system piping was gradu- 
ally extended throughout the city as 
required during these years. In 1929, 
an additional raw-water main, of 30-in. 
diameter, was installed to supplement 
the gravity feed of the 24-in. main from 
the Hoskins Reservoir to the plant. 
By 1936, the city was having ex- 
treme difficulty in meeting the demand, 
both in supply and purification facili- 
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ties as well as distribution system pip- 
ing, and a program of expansion was 
then begun to increase facilities in all 
phases of the water supply, treatment, 
and distribution system. New electric 
pumps were installed in existing build- 
ings at the Catawba River Pumping 
Station, and a 30-in. raw-water supply 
line was built from this pumping sta- 
tion to the Hoskins Reservoir. This 
addition provided sufficient raw-water 
capacity to take care of the proposed 
additional requirements at the filter 
plant. Additions to the filter plant 
and pumping station on Beatties Ford 
Road were completed in 1939. These 
additions doubled the capacity of set- 
tling basins and rapid sand filters, 
added 1.75 milgal to the finished- 
water ground level storage capacity, 
bringing the total capacity of the plant 
to 16.7-mgd treatment capacity and 
4.75 mil gal finished-water storage. A 
new 10-mgd, electric-driven pumping 
unit was installed to provide addi- 
tional pumping facilities for distribu- 
tion system service. At the same time, 
the distribution system was expanded 
by the construction of sufficient large 
distribution system mains to convey 
the water to the outlying areas of the 
city. Elevated storage tanks of 0.5-mil 
gal capacity were constructed in the 
Plaza and Dilworth areas, and a 1-mil 
gal capacity elevated water tank was 
placed in the east central district of 
the city. The overflow elevations on 
all these tanks are established at the 
same elevation. This then provided for 
3 mil gal elevated storage, strategically 
located on four sides of the city. The 
combined high-service pumping station 
and filter plant were named Vest Sta- 
tion (Fig. 1) in honor of W. E. Vest, 
who was for more than 30 years gen- 
eral superintendent of the Charlotte 
Water Department. 
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Recent Development 


In 1946, immediately after the close 
of World War II, the rapid growth of 
the city, combined with the lack of ex- 
pansion during the war years, created 
a sudden overload on the then existing 
facilities throughout the supply, puri- 
fication, and distribution systems. 
expansion program was begun in 1946 
to increase all three phases of the water 
supply system. 

Additions were made to the Catawba 
River Pumping Station in 1948, in- 
creasing the size of the existing struc- 
tures and providing 30 mgd additional 
pumping capacity. These additions 
brought the total pumping capacity of 
Catawba Station to approximately 60 
mgd. Surge relief valves and quick- 
operating cone valves were installed in 
the discharge headers for the purpose 
of eliminating danger of a disaster due 
to flooding of the station. This station 
was thus provided with all electric 
pumping units and no auxiliary power 
standby units. All pumps in this sta- 
tion are designed to operate against 
approximately 180-ft head. A 36-in. 
diameter raw-water supply line was 
installed from the river pumping sta- 
tion to the Hoskins Reservoir, and an 
additional raw-water storage reservoir 
of 45-mil gal capacity was constructed 
at Hoskins, thus providing approxi- 
mately 100 mil gal raw-water storage 
in the Hoskins Reservoir, all of which 
could be distributed to the Vest puri- 
fication and pumping station. 

Additions were made during 1948-49 
to the Vest Station, increasing the set- 
tling and filtering capacity to approxi- 
mately 25 mgd. The ground level 
finished-water storage was increased 
by 5.75 mil gal, thus providing a total 
storage at this location of approxi- 
mately 11.75 mil gal. Additional chem- 
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ical feeder and chlorination capacity 
was added to treat properly the full 
capacity of the plant. Additional elec- 
tric high-service pumps were added 
and one gasoline engine—driven auxili- 
ary standby pump was added, bringing 
the capacity in electric pumps to this 
station to approximately 60 mgd and 
the gasoline engine-driven standby 
unit to a total capacity of 20 mgd. 
All pumps are designed for operation 
against an approximate 174-ft head. 
Peak pumping loads in 1956 reached 
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10 
1946 1948 1950 1952 1954 1956 1958 1960 


Year 
Fig. 2. Maximum 3-Day Pumpages, 


Circles indicate average water consump- 
tion for the highest 3-day period in each 
of the years covered. 


approximately 42 mgd. At both Vest 
and Catawba Stations, all the electric 
units are sized so as to provide a very 
economical pumping cycle, utilizing 
various combinations of pumping units. 

Fluoridation of the Charlotte water 
supply was begun during April 1949, 
using a very closely controlled pro- 
gram of feeding and checking of the 
quantities of fluoride going into and 
remaining in the system. 

Additional storage space for ve- 
hicles and additional stock room and 
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office space were added at the utility 
shops during 1948-49. All construc- 
tion, maintenance, repair crews, mate- 
rials, and supplies are based at this 
location. 

In the 1951-52 period, an addi- 
tional 36-in. raw-water line between 
Hoskins Reservoir and Vest Station 
was installed and placed in service. 
This line is designed to carry high- 
pressure filtered water when the Hos- 
kins Plant is placed in service. 

In the 1954-55 period, the distri- 
bution system was heavily reinforced 
by the installation of 42-in., 36-in., and 
24-in. feeder mains. A 30-in. distri- 
bution system main has been installed 
south of the Dilworth area, and a 
42-in. distribution system feeder main 
has been installed between the Hos- 
kins Filter Plant site and an inter- 
section with a 36-in. distribution sys- 
tem main. 

As of 1956, there were approxi- 
mately 534 mi. of water mains in- 
cluded in the supply and discharge 
system. Main sizes range up to 42 in. 
diameter. All mains 24 in. and under 
are of cast iron or wrought iron. Con- 
siderable quantities of prestressed pipe 
30-in. in diameter and larger are now 
incorporated in the system. All pipe- 
lines outside the city not now owned 
by the city will become the property 
of the water department without fur- 
ther cost to the city whenever the area 
in which the mains are incorporated 
is brought within the city limits. 

Water is being served now to ap- 
proximately 180,000 people both inside 
and outside the city. The average 
daily water consumption in the fiscal 
year 1955-56 was 18.23 mgd. The 
peak pumping rate reached approxi- 
mately 42 mgd, and the peak-day con- 
sumption was approximately 29.6 mgd, 
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on a date in June 1956 (Fig. 2). Also 
during the 1955-56 period, the 
50,000th water service was installed 
in the system (Fig. 3). 


Financing 


All large improvements to the water 
supply treatment and distribution sys- 
tem have been financed through the 
sale of serial bonds. Between 1921 
and 1956, approximately $15,000,000, 
exclusive of interest, was or is in proc- 
ess of being invested in improvements 
for water alone. All these bonds are 
secured by the general credit of the 
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1950 1955 


Pig. 3. Water Meters in Service, 
Charlotte, N.C. 


city and are not classified as water 
revenue bonds. Interest rates, or 
yield, on these bonds varied from 5} 
per cent on a 1921 issue to 1} per cent 
on a 1950 issue. The additions at the 
Catawba River Pumping Station dur- 
ing the 1948-49 period were financed 
from water revenues and small amounts 
of revenue have been used occasionally 
to provide extension of smaller mains. 
The majority of all capital improve- 
ment has been financed by water bonds. 
The book value of the system has not 
been accurately determined recently. 
Estimates are that the book value of 
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the system today is in excess of $20,- 
000,000. The gross revenue for the 
fiscal year 1956-57 for water alone 
was established in the budget at ap- 
proximately $1,750,000. The bud- 
geted anticipation revenue for sewer 
service charges and surcharges was 
budgeted during this same period as 
approximately $434,000, bringing the 
anticipated gross revenue for opera- 
tions during the 1956-57 period to 
approximately $2,184,000. It was an- 
ticipated that the operating budget and 
bond payments for both water and 
sewers would be within the anticipated 
revenue during this period. 


Future Plans 


Contracts have been awarded and 
construction begun on a 12-mgd ca- 
pacity filter unit and pumping station 
at the Hoskins Reservoir site. The 
base building and structures in this 
unit have been designed for an ultimate 
capacity of 72 mgd. The present con- 
tract includes the provisions of 12-mgd 
filtering capacity and 6-mil gal finished- 
water ground level storage. The 
pumping station will include booster 
facilities for pumping raw water from 
the Hoskins Reservoir to the filter 
plant, as well as a high-service pump 
for feeding the distribution system. A 
shortage of funds at this time made it 
necessary to delete certain parts of the 
plant. Facilities eliminated and placed 
on a future contract list were storage 
facilities of an additional 6-mil gal ca- 
pacity, a 1.5-mil gal elevated tank, and 
various pipelines desired at this time 
to prevent expensive construction and 
plant shutdowns at a later date. 

Plans are underway for the con- 
struction of additional large feeder 
mains into the eastern part of the city 
and the erection of a 2-mil gal capacity 
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elevated storage tank. Property has 
already been acquired for this tank in- 
stallation, and funds are available for 
its construction. Plans are also being 
made for the construction in the near 
future of a 2-mil gal capacity elevated 
storage tank in the southeastern sec- 
tion of the city. Feeder mains of the 
necessary size will be laid to this tank 
site. In addition, design is underway 
for the installation of additional 24-in. 
and 16-in. distribution system mains in 
other sections, and funds are presently 
available for this phase of the work. 

Every effort is being made to stay 
ahead of the rapidly increasing de- 
mands for water. It will probably be 
necessary to vote additional bond funds 
in the very near future to keep ahead 
of the growing demands of the city 
and its fringe areas. 


WALTER M. 
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Organization 


The water department has been 
operated under the council and city 
manager form of government since 
1930. Prior to that time, the commis- 
sion form of government was opera- 
tive. Operating under the city man- 
ager, the general superintendent and 
two assistant superintendents form the 
top-level organization. There are 
eight divisions which require annual 
budgets and special organizations. In 
each of these divisions, except the ad- 
ministrative division, there is a divi- 
sion head, directly under the super- 
intendent’s office. The normal num- 
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ber of personnel employed by the de- 
partment, including engineers, chem- 
ists, bacteriologists, meter readers, col- 
lectors, cashiers, foremen, and plant 
operators, is approximately 160 people. 
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Development of Master Plans to Meet 
Future Water Needs 


Joint Discussion 


A joint discussion presented on Feb. 7, 1957, at the Indiana Section 


Meeting, Indianapolis, Ind. 


Fort Wayne, Ind.—H. A. Kerby 
A paper presented by H. A. Kerby, Chief, Water Eng., City Utilities, 


Fort Wayne, Ind. 


ASTER plans have a way of 
forcing themselves into exist- 

ence if they have a little encourage- 
ment and find a receptive mind. Most 
utility personnel have thoughts on 


where they want a few more feeder 
mains to strengthen a grid system. 
They visualize adding a few more feet 
to Tainter gates, or think of another 
dam, a reservoir, or an overhead tank. 
Sometimes they get into trouble before 
obtaining these extra facilities, because 
they are so busy taking care of matters 
as they arise, expecting to find a slack 
period for constructive planning. But 
the slack period never arrives, and 
eventually, they have to take time to 
do the job themselves or engage some- 
one to help. 

Most personnel have had enough 
experience to know what is needed. 
Those experienced in treating, oper- 
ating, maintaining, and managing a 
water utility can set their own goals. 
It may be necessary to secure con- 
sultants to do the designing and the 
details, but those acquainted with the 
local needs will have to make the ulti- 
mate decisions. 


The master plan in Fort Wayne 
really began several years ago when 
the ground water source of supply 
failed to keep pace in quality and quan- 
tity with population increase. In 1932, 
a plant for complete treatment was 
placed in operation, using the St. Jo- 
seph River for raw water. A dam and 
three feeder mains were installed at 
that time. Two years ago, the plant 
capacity was doubled, one more feeder 
main and two overhead tanks were in- 
stalled, and more raw-water storage 
was obtained by building another dam. 
Future demands, however, will require 
still more additions within a few years. 
On a national scale, it has been pre- 
dicted (1) that public water supply 
demands by 1975 will reach 30 bgd. 


Aerial Surveys 

Although planning in the future will 
include still more impounding reser- 
voirs, the principal concern now is to 
finish a plan on paper for an orderly 
development of transmission or feeder 
mains. One of the greatest aids that 
has been developed in engineering 
work is the aerial survey (2) and the 
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Fig. 1. Master Plan for Development of Area, Fort Wayne, Ind. 


Shown in the 11.5-sq mi area outlined above are existing mains (heavy solid lines) ; 

mains under contract (dotted lines) ; and the proposed feeder mains (dashed lines). 

Shaded portions indicate newly developed sections. Thin lines indicate roads. Fig- 
ures indicate diameters of mains, in inches. 
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facilities it has discovered, at what is 
believed to be a reasonable cost. In 
1949, an area of 80 sq mi, including 
Fort Wayne, was flown and mapped, 
primarily for the use of the city plan- 
ner. The mosaic from this work is a 
ready reference for reexamining city 
and suburban growth, while the 
1,200:1 enlargements give amazing 
detail for study. A greater usefulness 
is available through contour maps 
made photogrammetrically from the 
contact prints. After the horizontal 
and the vertical controls are made, a 
high degree of accuracy is obtainable. 

With this new use in mind, another 
survey was made in the spring of 1956, 
but included 123.5 sqmi with the 
proper technique to procure maps at 
a scale of 1,200:1. The contour inter- 
vals are 2 ft and guaranteed one-half 
contour accurate. Each map shows an 


80-acre area, being } mi north and 


south and 4 mi east to west. Local 
personnel provided the vertical con- 
trol, but had the horizontal control 
laydown performed by the aerial sur- 
vey company. 

The contour maps are obviously 
more important in sewer design, but 
are valuable in routing water mains. 
They certainly will be used in design- 
ing additional impounding reservoirs. 
Since the engineering for both water 
and sewer utilities in Fort Wayne is 
the responsibility of the same depart- 
ment, the opportunity for better plan- 
ning is apparent. Maps will be made 
only of areas as they become impor- 
tant for immediate study. The cost 
per acre is so reasonable, however, that 
there is a tendency to be slightly ex- 
travagant in ordering maps—the cost 
being about 10-15 per cent of that re- 
quired for field surveying and office 


mapping. 
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Area Development 

In order to give substance to the 
thoughts leading up to this plan, it is 
in order to review briefly what has 
gone before. Of the suitable area 
within the corporate limits of Fort 
Wayne, 98 per cent was developed 
by 1950. Most of the new projects 
lie well beyond the city limits, even 
though these boundaries have been ex- 
tended. Installations of water facili- 
ties to these outlying sections assumed 
sizable proportions, both for the util- 
ity and the developer. The developer 
objected to the heavy outlay of cash 
and the utility wanted the business. 
Therefore, a plan was devised wherein 
the utility advances the money for de- 
veloping the feeder main system and 
recovers it as the total area is ‘served. 
It will require a few years of close 
operation to accumulate enough cash 
reserve to make this program fully ef- 
fective, but the program is flexible 
enough for the utility to vary cus- 
tomer participation and stretch dollars 
to meet his needs. 

Figure 1 shows the first area to 
come under full master planning for 
feeder main extensions. This area in- 
cludes 11.5 sq mi, in an outlying cor- 
ner of the metropolitan area, and is 
the most rapidly developing section 
near the city. All 6-in., 10-in., and 
24-in. lines existed prior to this pro- 
gram, while the remainder of the lines 
are proposed for feeders in the ultimate 
development of the area. The cost of 
these feeders will be returned as a 
small charge per square foot of area 
served. This charge is now $0.0045 
per square foot. In general, 12-in. 
mains will be located on section lines 
1 mile apart and on half-section lines 
if required. Distribution lines will be 
installed by the developer or customer 
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at his expense as needed, but under 
utility specifications and supervision. 

In residential sections, which this 
area largely consists of, a fire flow of 
500 gpm is more of a determining fac- 
tor than several residential customers’ 
simultaneous demands for domestic 
use. Consequently, that is used as a 
basis for sizing lines. There will be 
adequate capacity to serve several 
moderate users, as well as meeting the 
air-conditioning demands. 

This design will afford opportuni- 
ties to connect to area developments 
lying in other sections. It is impor- 
tant to have more than one feeder to 
each section in order to maintain serv- 
ice with a minimum of shutdown. 
These crossties will eventually form a 
system of more or less concentric loops 
around the city. 

Future annexation groundwork is 
accomplished at the same time utilities 
are extended. By requirement, the 
right of an individual to remonstrate 
against annexation is waived when he 
requests water or sewer facilities. 
This is done by inserting such a clause 
in the subaddition contract, and all 
such utility services are covered by 
contract, or, in the case of individuals, 
by an appropriate form, notarized and 
recorded. Through close cooperation 
with city personnel, the city planner, 
realtors, developers, and others, there 
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Michigan City, Ind.—H. J. Draves 
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has been gained a comprehensive pic- 
ture of what can be expected in future 
growth and requirements. 


Planned Street Use 


Planned street use, partially the con- 
cern of a water department, does in- 
volve many facilities. In Fort Wayne, 
these are water mains, sewers, city 
power, a private power company, the 
telephone company, the gas company, 
signal department, traffic engineering, 
transit company, street department, 
fire and police divisions, and some- 
times state highway department, as 
well as the public. It is hoped to do 
a better job of using the streets and 
thoroughfares by planning ahead. To 
this end, the administration has cre- 
ated a city of Fort Wayne engineering 
center, where these appropriate uses 
will be coordinated and administered. 
Cooperation between various engineer- 
ing departments will be facilitated, so 
that a better job of meeting not only 
water requirements but other needs 
as well will be done. 
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A paper presented by H. J. Draves, Supt., Dept. of Water Works, 


Michigan City, ind. 


Michigan City, Ind., is located on 
the south shore of Lake Michigan in 
the heart of the dunes. Due to its 
geographical location and its fine 
beaches, it caters to many vacation- 
ers throughout the summer months. 
Michigan City and its sand beaches 


have often been referred to as the 
“Atlantic City of the West.” Although 
the city is blessed with many assets, 
its water utility is again suffering from 
growing pains. 

With Lake Michigan located at its 
front door, Michigan City obtains its 
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water supply from this abundant 
source. There are two cast-iron in- 
takes—one a 24-in. and the other a 
42-in. main—through which water 
flows by gravity to the suction well. 
Both intakes extend into the lake ap- 
proximately 3,000 ft, at which point 
the water has a depth of 35 ft. Tem- 
perature of the raw water varies con- 
siderably, depending mostly on wind 
and current direction. During the 
winter months water temperatures will 
be slightly above 32°F, whereas during 
the summer months it may reach a 
temperature of 80°F. 

The population of Michigan City ac- 
cording to the 1950 census was 28,395. 
Today, it is 31,663, an approximate 11 
per cent growth, while the water de- 
mand increase is approximately 50 per 
cent for the same period. Some of the 
increased consumption can be attrib- 
uted to the modern appliances; a large 
factor is the water being used for air 
conditioning, which has had a consider- 
able growth during the past 5 years. 

The connected customer total in- 
creased from 6,620 to 8,202 during 
the 5-year period from 1950 to 1955. 
This, in itself, presents a problem, as 
there are not any large feeder mains 
to supply the grid of 4-in. and 6-in. 
pipe in the outlying areas. The real 
problem with Michigan City is that it 
is bottled in on three sides. Lake 
Michigan is to the north, Beverly 
Shores is to the west, and Lakeland 
to the east, so the only direction to 
which Michigan City can expand is to 
the south. This presents a consider- 
able pumping load, considering that 
the plant is located on the extreme 
north end of the city. To add to the 
difficulties, a large leak, through which 
a large amount of water was being lost, 
was recently discovered in the 30-in. 
supply line, which crosses the harbor. 
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Although the last expansion pro- 
gram was completed in 1952, plans are 
under consideration for a new, long- 
range expansion program to meet an- 
ticipated demands. 


Need for Improvements 


Michigan City is no different than 
any other community having a munici- 
pally owned water utility. Rates 
throughout Indiana must be approved 
by the public service commission, and 
this also applies to privately owned 
utilities. A privately owned utility, 
however, is entitled to a fair return 
on its investment, and rates are based 
accordingly, while a municipally owned 
utility’s investment is not considered 
when establishing its rates. 

Experience has shown that the pub- 
lic service commission only provides 
rates to cover the cost of operating and 
maintenance, depreciation, and amorti- 
zation. Nothing is provided in the rate 
schedule for main extensions or plant 
expansion; consequently, a reserve 
cannot be accumulated for plant expan- 
sion purposes, which makes it difficult 
to operate as a self-sustaining utility. 

Most of the municipal utilities are 
controlled by local governments, and 
such controls may make it difficult at 
times to obtain adequate funds for op- 
eration and maintenance, let alone 
funds for improvements involving en- 
largements. So the only recourse, in- 
variably, is a bond issue to finance 
improvements. 

The Michigan City utility has been 
operating on a hand-to-mouth basis for 
a number of years. The last expansion 
program consisted of plant and distri- 
bution system, in 1951-52, and in 
order to hold the bond issue below 
$1,000,000, it was possible only to do 
a partial job. The survey for the ex- 
pansion and improvement program was 
made in 1950, and the indicated daily 
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average rate of increased demand on 
the system was approximately 0.8 mgd 
during the period of 1940-50. Maxi- 
mum demands were approximately 14 
mgd. Therefore, the filter capacity 
was increased from 8 to 12 mgd, low- 
head pumping equipment was added, 
the distribution system improved, and 
a new feeder main installed. 

The accelerated rate of increase dur- 
ing the past 5 years in the demand 
placed upon the water plant system has 
again taxed it to capacity. Pumping 
records show an approximate 50 per 
cent demand increase since 1950. 
Average pumpage for 1950 was 4.59 
mgd, while in 1955 it was 7.36 mgd, 
an increase of more than 62 per cent. 
Peak demands of 18 mgd have been 
reached and that figure would have 
been exceeded if there had been addi- 
tional plant capacity. 

There are two elevated tanks on the 
distribution system, a 1-mil gal tank, 
and a 0.75-mil gal tank. During the 
summer months, the 1-mil gal tank is 
emptied practically every day. The 
smaller tank, due to a slight variation 
in elevation and its location in an area 
where the load is not quite as heavy, 
is lowered to the extent where elevated 
storage is negligible. Pressure tests, 
run during peak load periods when 
the tanks are practically empty, have 
shown that the distribution system is 
so seriously overloaded under maxi- 
mum demands that system pressures 
as low as 12 psi have been recorded. 
With all of the high-head pumps in 
operation, a serious conflagration at 
that time certainly could be a fatal blow 
to not only the water department, but 
to the community as well, especially 
from an industrial growth standpoint. 

The above figures show conclusively 
that the present plant and system has 
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reached its maximum capacity at 12 
mgd, and although for short periods 
this rate is exceeded, there is no re- 
serve capacity to meet the ever- 
increasing demands made upon the 
plant and system. The system is, 
therefore, incapable of providing ade- 
quate fire flow and pressure during 
the high-demand period. In addition, 
as the growth of the city expands more 
and more at the perimeter areas, fire 
flow and pressure at many points are 
poor, even during average- and low- 
demand periods. At times, all of the 
high-head pumps are operating around 
the clock, leaving no standby equip- 
ment; this cannot be considered good 
business practice, even in a municipally 
owned plant. 


Preliminary Plans 

The present plant and system at 
Michigan City can no longer cope with 
the demand. Since 1953, the over- 
loaded plant and system capacities have 
been noted in annual reports to the 
board of trustees, but like many gov- 
erning bodies, it treated the situation 
too lightly. 

During the past several years, the 
city has received a number of inquiries 
regarding the possibility of serving 
new industries. Industries do not 
locate in the center of a community, 
but in the outlying areas, where there 
is sufficient acreage to construct their 
plant and allow for future expansion. 
Practically every inquiry received a 
reply that the city did not have the 
capacity to serve them, and that there 
were no supply mains in the areas se- 
lected. This resulted in the loss of 
those industries to neighboring cities, 
which soon made many people come 
to the realization that something had 
to be done to meet these demands. 
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In a 1955 report, the author again 
stressed the importance of a plant ex- 
pansion program, and asked the board 
to give consideration to the problem. 
The board was in complete sympathy 
with the plea, for it, too, felt that the 
community could ill afford to lose these 
industries due to the lack of an ade- 
quate water supply. At this time there 
was criticism heard over the lack of an 
adequate supply to serve industry. 

The city then called in an engineer- 
ing firm to discuss the advisability of 
a complete survey of its system, includ- 
ing requirements for intake, low- and 
high-head pumping, filter plant expan- 
sion, and feeder mains to provide a 
loop feeder system to serve from the 
periphery of the city. The necessary 
action was taken by the board to enter 
into a contract with the engineers to 
make a complete survey and recom- 
mendations of what would be required 


to meet the increasing demands of the 


past few years. A contract was also 
entered into with the water depart- 
ment’s attorney to handle legal details. 

In due time, the engineering firm 
submitted a report of its findings. The 
report is very complete in detail, cover- 
ing all aspects of the expansion pro- 
gram. This report was used as a basis 
for convincing council officials of the 
city’s needs. 


Final Action 


Although the utility operates under 
a state statute, the board of trustees is 
appointed by the mayor and must ob- 
tain authorization by resolution of the 
common council and its concurrence 
on the water department proposal to 
proceed in planning needed extensions 
and improvements. These are ulti- 
mately to be completed and paid for 
through the issuance and sale of reve- 
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nue bonds of the department, under 
authority of an ordinance to be adopted 
subsequently by the council, when all 
necessary engineering, legal, and finan- 
cial data are completed. 

The community has never before 
issued bonds in an amount in excess 
of $1,000,000, and facing the council 
with a $2,765,000 project requires a 
well-organized plan. The utility did 
not do this hurriedly, but planned 
every move until it was sure that it had 
a convincing answer to any question 
that might arise. 

At an informal meeting with the 
mayor and common council members, . 
the utility proceeded carefully, step by 
step, to explain everything in detail. 
At this meeting, the board of trustees 
also asked the common council for its 
concurrence with the board in making 
application to the Community Facilities 
Administration (a US agency created 
under Public Law 560) for an advance 
of funds, interest free, to enable the 
board to proceed in obtaining detailed 
plans, specifications, and data concern- 
ing the required extensions and im- 
provements. Any such advance ob- 
tained from the agency would not be 
a loan or indebtedness of the water 
department, but would be payable from 
proceeds from the sale of the antici- 
pated revenue bonds at the time when 
construction on the proposed project 
is commenced. 

The council members soon realized 
the importance of an expansion pro- 
gram, and were very receptive. As 
soon as they became acquainted with 
the problem, they authorized the attor- 
ney to prepare the necessary resolution 
for their consideration. 

The resolution was passed on Feb. 
18, 1957, and no time was lost in pre- 


paring and making application to the 
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Community Facilities Administration 
for an advance to finance the detailed 
plans and specifications. This appli- 
cation was made to the regional office, 
processed and approved by that office, 
and forwarded to Washington for final 
approval. 

In order to get some action in expe- 
diting the application, an emergency 
clause was inserted in the appeal for 
action. The aforementioned leak in 
the 30-in. transmission main under the 
harbor between the pumping station 
and the city was the basis for the 
clause. It caused an increase in the 
unaccounted-for water for 2 years, the 
total becoming of such importance (16 
per cent for 1957) that engineers were 
engaged to traverse two of the harbor- 
crossing mains, a 20-in. and a 30-in. 
line, by establishing pitot stations on 
both sides of the harbor. It was deter- 
mined that the loss was approximately 
14 mgd on a 5-mgd flow, through 
the 30-in. line. The 20-in. line tested 
out satisfactory. 
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Emergency repairs on the 30-in. line 
are quite costly, due to the fact that 
this line is 254 ft below the water sur- 
face, of which about 20 ft is silt and 
mud. By impressing the officer in 
charge at the regional office of the 
Community Facilities Administration 
of the importance of this emergency 
the utility was advised on Sep. 17, 
1957, that the application had been 
approved by the Washington office. 

Because of the official approval of 
the application for an advance of funds, 
the board of trustees has authorized 
the engineers to proceed with detailed 
plans and specifications. It is esti- 
mated that it will take approximately 
2 years for the completion of the 
program. 

On a national scale, approximately 
$650,000,000 was expended for water 
utility construction in 1957. This 
clearly indicates that Michigan City is 
not the only place where the commu- 
nity has outgrown its water utility. 
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Water Supply Developments in South Dakota 


Charles E. Carl 


A paper presented on Sep. 26, 1957, at the North Central Section 
Meeting, Fargo, N.D., by Charles E. Carl, Director, Div. of San. Eng., 


State Dept. of Health, Pierre, S.D. 


N Oct. 20, 1933, W. W. Towne, 
who was director of the Division 

of Sanitary Engineering, South Dakota 
State Board of Health, appeared before 
the existing Minnesota Section of the 
AWWA to discuss a typhoid epidemic 
that had occurred at Chamberlain, S.D., 
in December 1932 and January 1933 
(1). In this epidemic there were 282 


cases and 29 deaths, and the epidemi- 
ological investigation results indicated 
that the municipal water supply was 


the one possible source of infection 
common to all patients. Twenty-five 
years have elapsed since this epidemic. 
Many people have forgotten it, and 
many feel that such outbreaks are a 
thing of the past, but it should not be 
forgotten that 2-5 per cent of persons 
having typhoid fever remain carriers, 
some for the rest of their lives. 
There are still in South Dakota, and 
probably in other states also, public 
water utilities that are not properly 
protected to assure the safety of the 
water when exposed to a source of 
virulent infection. For instance, as 
recently as the week of Sep. 9, 1957, 
one district engineer reported a situ- 
ation based on an investigation of a city 
which had interrupted its schedule of 
submitting bacteriological water sam- 
ples. It was found that the commu- 
nity’s well had failed—a well drilled 


without the advice of a consultant and 


contrary to the recommendations of 


both the state geological and health 
agencies—and the community was 
pumping untreated lake water into the 
city distribution system for fire pro- 
tection. It is a safe bet, at considera- 
ble odds, that this same lake water is 
being used for domestic purposes also. 
These situations and the poor health 
judgment of the people responsible for 
such actions become even more appall- 
ing when the record of the 37 cases of 
reported typhoid fever (no deaths) in 
South Dakota from Jan. 1, 1951, to 
date is taken into consideration. 

In spite of occasional reverses, how- 
ever, such as the small community 
pumping untreated lake water, public 
water supply sanitation in South Da- 
kota is progressing. South Dakota, 
with a population of about 700,000, has 
about 240 public water supplies includ- 
ing nine community wells with no dis- 
tribution system, serving 365,000 peo- 
ple. Since Jul. 1, 1954, the following 
improvements have been made: seven 
new water supply systems; three new 
systems authorized or under construc- 
tion; 66 new water supply sources, 
in 52 communities; seventeen major 
remodeling projects; eight improved 
storage facilities ; and four fluoridation 
installations, for a total of seven. 


Quality and Supply 
There has been no apparent tend- 
ency for municipalities to convert from 
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well supplies to surface supplies, but 
there has been a notable tendency to 
try for a better quality of water. 
Many geologic formations in South 
Dakota furnish hot waters (up to 
130°F); high solids (up to 3,700 
ppm); hardness (up to 1,800 ppm) ; 
high sulfates (up to 1,400 ppm); 
high chlorides (up to 1,500 ppm); 
high fluorides (up to nearly 7 ppm) ; 
and iron and manganese (up to nearly 
8 ppm). Some South Dakota well 
waters are wet but beyond that can 
hardly be called water as far as domes- 
tic consumption is concerned. In July 
1955, a mobile saline water conversion 
test unit was moved to the town of 
Miller. The activity was a part of the 
saline water conversion program estab- 
lished by congressional legislation and 
was under the administration of the 
Department of Interior. The test unit 
used the electrodialysis method for 
mineral removal, processed approxi- 
mately 1,500 gph and reduced the total 
solids from about 2,000 ppm to about 
350 ppm. A report of the study has 
been published (2). 

The work at Miller was experi- 
mental, but several cities are moving 
realistically to obtain better quality 
water in their distribution systems. 
Sioux Falls constructed a $1,100,000 
chemical treatment plant for iron and 
manganese removal in 1955; Brook- 
ings has just let contracts totaling 
$174,400 for a similar plant; and 
Madison is voting on a bond issue, 
$395,000, for comparable treatment. 
Many of the smaller cities have pres- 
sure filter iron removal units, and some 
are trying out contact filter manganese 
removal units, but as yet the South 
Dakota Department of Health is not 
convinced that these latter will work 
satisfactorily. Other communities are 
trying polyphosphate treatment for 
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high iron and manganese waters, but 
this has been generally unsatisfactory 
if the iron and manganese content ex- 
ceeds 0.5-1.0 ppm. 

Many South Dakota cities are short 
of adequate sources of supply, storage, 
or transmission line capacity to handle 
peak loads. A notable exception is 
Pierre, the capital city. Pierre now 
has more storage than the peak 24-hr 
period of consumption, which to date 
has been 4.84 milgal for approxi- 
mately 9,000 people. The system can 
produce 6.05 mgd, and there will be 
6.0 mil gal in storage. In addition, 
during these periods of general water 
shortages, water restrictions, and tend- 
ency toward higher rates, Pierre annu- 
ally gives each of its consumers 7,000 
cu ft of free water during the months 
of June—September. 


Missouri River Development 

More than 90 per cent of South Da- 
kota is in the Missouri River Basin. 
Consequently, the Missouri River 
Basin Development Program is of 
paramount interest to those working 
with water resources every day. The 
Missouri River just about divides the 
state east and west until it reaches the 
Nebraska border, where it then flows 
east toward Sioux City, lowa. Streams 
west of the Missouri River generally 
flow east to their confluence with the 
river, and those drainage areas east 
of the Missouri River generally flow 
south to their confluence with the main 
stem. There are now completed, or 
under construction, three major im- 
poundments for the Missouri River in 
South Dakota, and a fourth is under 
investigation. These start about 5 mi 
upstream from Yankton in the south- 
ern part of the state, and the farthest 
upstream dam, Oahe, 6 mi north of 
Pierre, will create a pool approxi- 
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mately 200 mi long, extending nearly 
to Bismarck, N.D. The Missouri 
River will be one series of reservoirs 
across South Dakota. It is not the 
purpose of this article to discuss high 
dams and low dams, public power and 
private power, or power distribution 
and land use for reservoir develop- 
ment. Many problems, however, are 
imposed on municipalities and public 
health offices, but on the credit side, a 
tremendous potential is available from 
the mass of water stored in the 
reservoirs. 

Municipal water utility and waste 
disposal practices on the Missouri 
River have been, or are being, changed. 
Two communities’ water plants will be 
flooded, one of which (Chamberlain) 
has had a new plant in operation over 
i year and the other (Mobridge) has 
a new plant under construction. The 
Cheyenne Indian Agency headquarters 
will be flooded. A town of approxi- 
mately 400 people, Eagle Butte, to 
which the agency headquarters will 
move, is just completing a new water 
system and a new sewerage system, 
including treatment. 

Problems have arisen in supplying 
water to the municipalities on the 
river, because of fluctuating flows with 
the construction program. In Yankton, 
during the closure of Gavins Point 
Dam, a high-capacity, low-head pump 
was floated on the river outside of the 
plant with flexible lines to the prelimi- 
nary settling basin. In Mobridge, 
extra water was released from the 
upstream dam, Garrison, increasing 
the river depth sufficiently to protect 
the raw-water intake pipes. While 
writing this article, the author was 
contacted by the Army Corps of Engi- 
neers with respect to contemplated 
water supply problems when the Mis- 
souri River flow is shut down for 
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closure of the Oahe Dam sometime in 
1958. 

Studies have been proposed relative 
to supplying Missouri Basin reservoir 
water to municipalities located long 
distances from such a source of supply, 
but to date funds have not been bud- 
geted for this purpose. 

South Dakota is cooperating with the 
Corps of Engineers and the USPHS 
central Missouri River water quality 
investigation program, and has a net- 
work station at Yankton on the Mis- 
souri River cooperating with the na- 
tional raw-water quality basic data 
program. 

In addition to construction on the 
Missouri River, work is proceeding on 
tributary streams. Shadehill Dam on 
the Grand River, about 12 mi south 
of Lemmon on the South Dakota- 
North Dakota border, has facilities for 
Lemmon eventually to obtain water, 
since presently this community has a 
well field. Pactola Dam has just been 
completed on Rapid Creek in western 
South Dakota, about 20 mi upstream 
from Rapid City, a popular tourist cen- 
ter and the location of Ellsworth Air 
Force Base. Rapid City has pur- 
chased storage in the Pactola Reser- 
voir, even though its present supply 
is from wells and infiltration galleries. 
The city is currently studying future 
water developments. 


Water Law 


The problem of water resources, 
water rights, equitable distribution of 
surface and ground waters, water use, 
and water conservation plagued the 
state for many years, and all of the 
answers still have not been found. 
Many are of the opinion, however, that 
South Dakota is moving in the right 
direction with its new water laws. 
After several years of investigation 
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and study, including a revised water 
law in 1953, which the governor would 
not sign, the South Dakota legislature 
in 1955 revised the state’s water laws 
in their entirety. In part, the revised 
laws provided: 

1. A commission representing vari- 
ous interests was to be appointed by 
the governor, and the commission 
could hire an engineer and other per- 
sonnel as needed. 

2. In the matter of priorities, do- 
mestic use has the highest priority, and 
the next highest is municipal use. 

3. In the matter of water rights, 
vested rights can be established, and 
a municipality can be authorized an 
appropriation of water for future use 
(the present rule-of-thumb estimate of 
the commission is to allow for future 
appropriation of approximately three 
times the present use). Actual future 


appropriation is based on estimated 
per capita consumption and population. 

4. Well drillers have to be licensed 
and keep complete records on wells 
drilled. A permit is needed prior to 


drilling a new well. The commission 
will issue construction standards, and 
review the spacing of wells. 

The commission has hired an initial 
staff of three engineers, and the pro- 
gram is well underway. Between the 
commission and state health officials, 
there has been an excellent working 
relationship through respective inter- 
ests in water rights for municipalities 
and municipal well construction. The 
problem yet to be resolved is the in- 
sistence by the department of health 
that plans and specifications for mu- 
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nicipal wells be prepared by engineers 
practicing in accordance with the 
South Dakota registration law, whereas 
the water resources commission issues 
permits for wells on application by 
drillers. 

Public Law 566, for watershed pro- 
tection and flood prevention, adminis- 
tered by the US Department of Agri- 
culture, will probably be of material 
assistance to certain South Dakota 
communities experiencing water short- 
ages. One project, in the development 
stage, includes the town of Beresford, 
which has requested consideration with 
respect to including water supply stor- 
age in the pool development. 


Conclusion 


It may be said that the main prob- 
lems of water supply in South Dakota 
and future developments fall into four 
categories: [1] procurement of ade- 
quate supplies for community develop- 
ment; [2] the continued necessary 
improvements in treatment and qual- 
ity; [3] problems arising from the 
development of the Missouri River 
Basin ; and [4] program expansion and 
development under the new state laws 
pertaining to water use and rights. 
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N institutional investor considers 

many factors in evaluating the 
investment position of securities of 
water utilities. Each case presents 
special problems, but only those fac- 
tors which are generally given the 
most weight will be considered. 


Source of Supply 


Adequacy of source of supply is a 
major factor on which all available in- 
formation is sought. If the utility 
has a record of never having curtailed 
water service for lack of supply, if 
there is little flat-rate business, and if 
the system does not seem to be faced 
with the prospect of rapid growth in 
demand, the institutional investor may 
be satisfied fairly easily on this point. 
On the other hand, if there has been 
a record of curtailment of water serv- 
ice during dry periods in recent years 
or if the service area is growing rapidly 
and has prospects of marked increased 
growth, strong reassurance is required 
as to water supply. The investor al- 
ways wishes to know the plans of the 
management for augmenting its raw 
water supply during the next 10-15 
years and what steps have been taken 
to insure that this can be done. 

The problem of water supply seems 
to be approaching almost national pro- 
portions. The indiscriminate drilling 
of water wells, with close spacing in 
suburban residential areas by real 


estate promoters and home builders is, 
obviously, not the answer to the prob- 
lem. The development of many new 
surface supplies, the artificial recharg- 
ing of ground water supplies, the re- 
duction of evaporation losses from lakes 
and reservoirs, the reuse of water by 
large industrial consumers, and, even- 
tually, the conversion of sea water to 
fresh water will become increasingly 
necessary over the coming decades. 


Treatment Facilities 


If there is a good well supply and 
if treatment is limited to chlorine or 
other chemical disinfection, then ade- 
quacy of water treatment facilities is 
not a matter for concern. On the 
other hand, if the water utility uses a 
surface supply which is subject to 
serious bacterial or industrial pollution, 
the investor must be assured as to the 
adequacy of the filtration and treat- 
ment plant. It goes almost without 
saying that the plant effluent must be 
potable; without undue turbidity, 
color, or hardness; and free of un- 
pleasant tastes or odors. 

It is reassuring to see a_ well 
equipped laboratory manned by a 
graduate chemist and _bacteriologist. 
In smaller water utilities, this may not 
be feasible, so there must be assur- 
ance that adequate sampling is done 
and that analyses are being made by 
competent outside technicians. An 
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investor may want to examine the 
records of these tests of raw water 
and plant effluent, as well as pertinent 
reports for recent years of the state 
board of health. 


Distribution 


In the area of transmission and dis- 
tribution the factors considered are 
size and type of mains and whether or 
not they form a good gridiron. A high 
percentage of cast-iron pipe is pre- 
ferred, and present feelings about 
asbestos-cement pipe are unsettled. It 
is understood that the use of asbestos- 
cement pipe for water purposes is 
growing faster than cast-iron, steel, or 
reinforced concrete pipe but it is recog- 
nized that one type of pipe is not ideal 
for all conditions. The use of cement- 
mortar lining for cast-iron pipe and 
fittings, cement-mortar protective coat- 
ings for large diameter steel water 
pipe, and the use of flexible joints for 
cast-iron pipe are all developments of 
interest and significance to the investor. 

That adequate pressures are main- 
tained—particularly at high elevations 
—and that there is ample, dependable 
pumping capacity to meet peak de- 
mands are points on which assurance 
is sought. A schematic map showing 
the elevations of each of the important 
structures of the system and a record 
of average pressures at the pumping 
station and at the system extremity are 
very helpful in satisfying interest on 
this point. Assurance is needed of the 
adequacy of raw-water and finished- 
water storage capacity, and the record 
of umnaccounted-for water is also 
important. 


Maintenance 


Adequacy of maintenance is tested 
from the standpoint of the income ac- 
count—that is, the annual dollar ex- 
penditures for maintenance for several 
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years in relation to operating revenues ; 
more helpful is an actual inspection 
of the above-ground properties. Al- 
though obviously not conclusive, the 
state of housekeeping is often assumed 
to be indicative of the condition of the 
properties. 


Economic Conditions 


The economy of the territory served 
is considered very important. In order 
to form an opinion of this, a field trip 
is usually required, unless the investor 
is already familiar with the area. If 
a recent economic survey of the terri- 
tory served is available, it should be 
supplied. A tabulation of annual dol- 
lar and gallonage sales for several past 
years for each large industrial cus- 
tomer is also helpful. 

Because the institutional lender is a 
long-term investor, it is generally not 
interested in a water utility which 
serves an area dependent on a single 
industry—particularly when that in- 
dustry is based on a depleting mineral. 
A well balanced economy is rated as 
an important favorable factor. 

Population trends in the territory 
served are also studied and a static or 
declining population trend is consid- 
ered a major unfavorable factor. 


Management 


The ability of the management and 
depth of management are important 
considerations. Obviously, with a 
small water utility one cannot look for 
great depth of management, but it is 
reassuring to see a younger man ad- 
vancing who will be competent to take 
over the running of the company in 
time. 


Earnings Record 

The earnings record—for a period 
of 10 years or more—is carefully stud- 
ied and any important deviations from 
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normal of any of the income or expense 
items requires an explanation. It is 
expected that pro forma fixed charges 
will have been covered at least twice 
after depreciation but before income 
taxes. 

The balance sheet should show that 
the pro forma funded debt does not 
represent an undue percentage of total 
capitalization or of net plant account. 
The ratio of mortgage debt to capitali- 
gation must not be more than 75 per 
cent, as a higher ratio would present a 
valuation problem for investors who 
are New York life insurance com- 
. If the plant account is carried 
dn a basis which is justified by the 
Valuation ideas of the public service 
Commission having jurisdiction, the 
preference is that the ratio of total 
funded debt (including junior funded 
debt) be less than 70 per cent of total 
capitalization. 

When a preferred stock is being ana- 
lyzed; there is taken into account, 
among other things, the ratio of total 
funded debt plus preferred stocks to 
total capitalization. This ratio should 
not be higher than 80 per cent, indicat- 
ing a common stock and surplus ratio 
of at least 20 per cent. 
' In order to meet the legal require- 

ents for life insurance companies in 

ew York state, common stocks must, 

mong other things, be registered on 

a national securities exchange, which 
eliminates for purchase almost all water 
company common stocks by such 
investors. 


; Regulatory Climate 


‘ 


' As with other public utilities, con- 
siderable importance is attached to the 
regulatory climate—particularly when 
an equity security is being analyzed. 
It was disappointing, for example, to 
see the Dec. 12, 1955, decision of the 
Pennsylvania Public Utility Commis- 
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sion in the case of the Citizen’s Water 
Company of Washington, Pa. This 
was concerned with the handling of 
accelerated depreciation for rate mak- 
ing purposes and, it will be recalled, 
the commission did not permit nor- 
malizing of earnings for rate-making 
purposes—which has the effect of pass- 
ing on to consumers all such income 
tax savings. This decision of the com- 
mission was reaffirmed in the Manu- 
facturers Light & Heat case. 

It has been noted with favor that in 
the recent People’s Natural Gas case, 
the Pennsylvania commission did not 
force that company to minimize income 
taxes for ratemaking purposes when 
the management elected not to take ad- 
vantage of the accelerated depreciaticn 
options. 

The low rates of return generally al- 
lowed to water utilities by regulatory 
authorities is a matter for concern as 
it encourages high debt ratios and 
makes difficult the sale of equity securi- 
ties. This weakness is compounded by 
the fact that many water utilities do 
not realize anywhere near their the- 
oretically allowed rate of return. Ac- 
cording to an investor’s service,* the 
indicated realized rate of return (the 
ratio of operating income to net plant) 
of operating water companies has been 
in a declining trend for more than a 
decade and was only 4.60 per cent in 
1956. 

In the Aug. 5, 1957, decision of the 
California Public Utilities Commission 
in the California Water & Telephone 
Company case involving its Monterey 
water division, a rate increase was al- 
lowed which was calculated to produce 
a 6.5-per cent rate of return, whereas 
a return of only 5} per cent was al- 
lowed this same division in 1952. This 


* Moody’s Investors Service, New York 
City. 
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favorable rate of return determination 
was partially offset by the dim, though 
tentative, view the California commis- 
sion took on normalizing earnings for 
accelerated depreciation. 

The utility must own, without bur- 
densome restrictions, franchises, water 
rights, licenses, and permits sufficient 
to carry on its business. 


Stock Ownership 


Unless the common stock of a water 
utility is held by a strong holding com- 
pany, it is considered an adverse factor 
if there is not enough public ownership 
of the stock to make possible a fair 
market for the issue. The reasoning 
is that as the company grows there 
will be need for raising new common- 
stock equity, and if the common stock 
is closely held by interests unable to 
provide additional funds through pur- 
chase of common stock, the company’s 


financing and growth may be seriously 
hampered. 


Mortgage Provisions 

As is known, the principal financing 
vehicle for water utilities is the mort- 
gage—which should be a good deal 
like a man’s legs. It will be recalled 
that in the famous Lincoln-Douglas 
debate, Lincoln made reference to the 
length of a man’s legs. On questioning 
by Senator Douglas, he said that “a 
man’s legs should be long enough to 
reach from his body to the ground.” 
In other words, the mortgage should 
prevent the investment position of the 
bonds from being greatly impaired by 
the action of an improvident manage- 
ment—should it come into power. On 
the other hand, the mortgage should 
not be unduly restrictive. The follow- 
ing are a few of the major provisions 
which should be included in a water 


utility mortgage : 
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1. Limitation of issuance of addi- 
tional bonds to not more than 66% per 
cent (preferably 60 per cent) of net 
property additions—measured from a 
reasonable peg date—provided pro 
forma interest charges have been 
earned at least 1} times after depreci- 
ation but before income taxes (By 
“net property additions” is meant gross 
property additions minus retirements 
since the peg date.) 

2. A covenant or, better still, a 
maintenance fund which would insure 
that 10-12 per cent of revenues will be 
expended for maintenance or reserved 
for depreciation 

3. A small sinking or improvement 
fund of 1-2 per cent annually of the 
maximum amount of mortgage bonds 
outstanding 

4. A mandatory call of bonds in the 
event of acquisition of all or of a major 
portion of the properties by a govern- 
mental body (In this circumstance it 
is fair to provide for a lower call price 
than in the case of refunding. Under 
the present conditions of the capital 
market, the institutional lender is un- 
willing to purchase bonds unless he is 
assured that they will not be called 
for a period of 5-10 years or more. 
Some call formulas provide that this 
limitation would apply only in the case 
of refunding at a lower interest rate.) 


Cost of Capital 


Cost of capital is, obviously, of 
major importance to managers of 
water utilities because of the heavy 
capital investment in and the slow 
turnover of plant. As is known, it re- 
quires about 9 years for revenues to 
equal the gross plant account of the 
average water utility. This is a seri- 
ous handicap when it is recognized 
that the electric industry turns over 
its plant account in about 4 years, the 
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telephone industry in about 3 years 
and the gas industry in about 2.6 
years. This means that the operating 
ratio of a water utility must be very 
much lower than that of other utilities 
if an adequate return on investment 
is to be realized. 

The following are suggested meth- 
ods for reducing the overall cost of 
capital. Where possible, small com- 
panies should be combined with neigh- 
boring water utilities to make larger 
operating units. This will make the 
bonds and preferred stocks more at- 
tractive to the institutional investor. 
A larger company would result in a 
larger issue of common stock, which 
should result in a broader market and 
a higher price for that stock. This, in 
turn, should result in a lower cost for 
new capital as required. This might 
very well result in substantial operat- 
ing economies. It would certainly re- 
duce, relatively, the legal and related 
expenses in connection with new 
financing. At the end of 1955, Penn- 
sylvania had 406 privately owned 
water utilities—more than any other 
state. Of these 406 utilities, 333, or 
82 per cent, had annual revenues of 
less than $50,000; 61 had revenues 
between $50,000 and $250,000; and 
only 12 had revenues of over $250,000. 
This would seem to indicate that there 
are many opportunities to combine 
very small operating units into larger 
ones. 

A utility and its management should 
be made known to one or more institu- 
tional investors who are interested in 
purchasing water company securities. 
Do not wait until the money is needed 
to do this. 

The efficiency of the various divi- 
sions of operation should be improved. 
This will be reflected—sooner or later 
—in higher earnings. Obsolete equip- 
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ment should be eliminated and house- 
keeping should be improved in pipe 
yard, stock room, plant, and office. 
Frequent painting can be effective, too. 

The realized rate of return should 
be observed carefully and there should 
be no fear in asking for a rate increase 
if one is justified. Security holders 
should be kept advised of current de- 
velopments—good as well as bad—for 
security holders like to feel that they 
know what is going on. 

Improved customer relations may 
also pay good dividends when a rate 
increase is sought during franchise re- 
newal, or when some concession is 
needed from the local authorities. To 
most customers, the water company 
employee with whom they come in 
contact is the water company and he 
or she can be a powerful force in in- 
fluencing public opinion. 

The accounts of a company should 
be audited annually and its annual 
financial statements certified by a pub- 
lic accountant. These audited annual 
financial statements should be fur- 
nished to interested lending institu- 
tions and insurance companies may be 
supplied with the information called 
for in the standard “Confidential Re- 
port for Insurance Companies.” 


Outlook 


As is known, long-term interest 
rates are the highest they have been 
for more than 20 years. This has re- 
sulted, basically, from the fact that the 
aggregate current demands for long 
term funds is larger than the capital 
market can provide under present con- 
ditions. Interest rates will continue 
high as long as this large inequality 
continues to exist. 

Federal Reserve Board policy at this 
time favors high interest rates as a 
means of curbing the price inflation 
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that is taking place. Obviously, should 
deflation set in, the Federal Reserve 
Board would quickly reverse its policy 
and the effect on interest rates might 
be quick and important. 

It is the author’s view that for the 
next 12 months, long-term interest 
rates will continue high although the 
peak for some time to come may well 
have been reached. 


Conclusion 


Since the supply of funds in the 
United States is currently insufficient 
to meet the recently developed explo- 
sive demand for long-term capital 
funds, there is probably no lending 
institution that is welcoming new bor- 
rowers with open arms at this time. 
The supply-demand relationship for 
capital funds, however, as with other 
commodities, is subject to change. 


Increasing population and the grow- 
ing per capita use of water in the 
United States indicate heavy capital 
outlays by water systems—public and 


private—over the coming years. In 
view of the present and prospective fu- 
ture heavy demands for capital funds 
by other issuers of securities, the water 
industry must make itself as attractive 
as possible to both institutional and 
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individual investors and be prepared 
to offer yields and protective provisions 
which will be competitive with those 
offered by alternative investments. , 
An unavoidable amount of legal and 
related expenses accompanies the 
of senior securities to an institutio 
investor ; certain legal opinions must 
given, a title search must be ma 
and printing expense must be incur 
Because these expenses do not 


locally when the amount is 
perhaps less than $100,000. 

The water industry has many favor-, 
able factors: it represents the largest 
transportation industry in the country ; 
it supplies a product which is im 
pensable ; competition is virtually non- 
existent; it influences the location pf, 
factories, businesses, and homes; most 
of its assets have a very long service 
life with obsolescence playing a very 
minor role; and its earnings are rela- 
tively stable. 

The principal problems are to pro- 
vide for future expanding water needs, 
to earn a fair rate of return, to adapt 
financing plans to the radically changed 
state of the capital market, and to let 
the public know about the industry’s 
good works. f 


Pe greatly with the size of the issue, |it 
— may cost an issuer less to sell securiti ) 
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Financing Small Water Utilities in California 


Allen D. Harper 


A paper presented on Nov. 1, 1957, at the California Section Meeting, 
San Jose, Calif., by Allen D. Harper, Vice-Pres., Securities Dept., 
Pacific Mutual Life Insurance Co., Los Angeles, Calif. 


ALIFORNIA is the home of the 

most rapidly growing, privately 
owned water utilities in the country. 
There are, in this state, probably a 
larger number of strong, independent, 
relatively well financed water utilities 
than in any other comparable area in 
the country. At least eight privately 
owned utilities serve more than 25,000 
customers—which is equivalent to fur- 
nishing service to a city of 75,000 
population. These utilities generally 


have property investments of at least 
$7,000,000 with gross revenues of 
$1,200,000. This is no longer only 


small business. The following obser- 
vations however are directed not only 
to this relatively financially sophisti- 
cated group but also to that much 
larger body made up of small utilities. 
Their financial problems essentially 
have developed as a result of excep- 
tionally fast growth, inflation, and in- 
creasingly “tight” money. These three 
major factors have, in fact, been af- 
fecting all business and especially all 
public utilities. 

An example of extreme expansion 
is one of the water utilities in South- 
ern California which has expanded 
services from roughly 2,000 in 1947 
to 36,000 at present and investment 
from $500,000 to $12,500,000. Its 
management has been faced with seri- 
ous problems concerned with new capi- 
tal, new and adequate sources of water 


supply, personnel, development of ac- 
counting systems, public relations, and 
maintenance and development of im- 
proved engineering standards. 

Growth of utilities in outlying areas 
has been particularly great, for almost 
all California cities have spilled out 
into the suburbs and rural areas. Most 
of these areas are served by privately 
owned utilities, by mutuals, and, in 
some instances, by county water dis- 
tricts. Since the growth is not ended, 
this process will continue to affect 
many. It is almost impossible to list 
adequately all individual problems. It 
can be pointed out, however, that the 
effect of growth is to emphasize the 
adequacy of long-range planning. 
Planning means adoption of higher 
standards of engineering, the develop- 
ment of adequate sources of supply, 
and, probably, greater interconnection 
not only between the various parts of 
one water system but also between 
various adjacent properties. 

Higher costs affect all business and, 
particularly, public utilities which nec- 
essarily must spend large amounts of 
money to meet expanded requirements 
or merely to continue replacement of 
worn out installations. Average capi- 
tal outlay per customer continues to 
inch slowly upward. It is recognized 
clearly that many utilities have been 
unable to foresee accurately the ex- 
tent of the expansion which has oc- 
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curred in their area. Conservatism in 
estimating growth has probably led 
many to design inadequate systems. If 
this results in a subsequent replace- 
ment of small lines to provide addi- 
tional capacity, clearly there is waste. 
Some is unavoidable, of course, but 
careful engineering procedures should 


be developed. 


Sources of Capital 


Since 1946, there has been, gener- 
ally, a steady movement toward a 
higher cost of money. Although 
money is still relatively cheap in this 
country—even when compared to ear- 
lier levels of interest rates such as ex- 
isted here in the 1920’s—to be con- 
cerned with past, extremely cheap 
money will accomplish nothing for 
those who need money under today’s 
conditions at current interest rates. 
The problem which many have is actu- 


ally less one of interest rates and more 
one of finding an adequate source of 
long-term capital. It is basically where 
to seek capital and what methods 


should be used to attract it. It should 
be understood that some of the follow- 
ing suggested solutions will not be ap- 
propriate in all circumstances. 

Sources of capital available to any 
privately owned water utility are 
common equity, preferred stock, dona- 
tions, construction advances, bank 
loans, and long-term debt. 

Common equity in the smallest 
company usually represents the capital 
of an individual owner and that con- 
tributed by his family or friends. Re- 
tained earnings are relatively unimpor- 
tant as a source of capital because com- 
pany growth is usually too fast to per- 
mit accumulation of significant sums by 
this route. New common stock is re- 
quired and, generally, must be sold to 
local customers, friends, and individu- 
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als conversant with the company and 
its service area. 

Preferred stock is also frequently 
sold by small companies to their cus- 
tomers. This source of capital is gen- 
erally quite limited but very important 
to individual companies. Clearly, sales 
of preferred stock to customers depend 
to a large extent on the local reputation 
and standing of the water utility’s 
management. Only a relatively few of 
the larger utilities in California have 
been able to establish a truly marketa- 
ble preferred stock in the industry. 

Donations arise largely from expan- 
sion operations which are in them- 
selves entirely or partially uneconomi- 
cal and for which customers are re- 
quired to provide all or part of the 
capital needed. This cannot normally 
be regarded as a source of long-term 
capital. 

Construction advances are somewhat 
comparable to donations except that 
construction advances generally are re- 
quired from subdividers in connection 
with development of properties which 
will be very desirable from an eco- 
nomic standpoint when all or substan- 
tally all of the anticipated customers 
are connected to the utility’s lines. 
Some utilities have used construction 
advances very extensively as a means 
of financing their rapid expansion. In 
some instances this has been seriously 
overdone. Certainly, under prior 
methods of repayment of the construc- 
tion advances, those making extensive 
use of the 10-year, 35 per cent of gross 
revenue repayment method were dedi- 
cating a large percentage of future 
gross revenue to debt service. Fortu- 
nately, this method is now probably 
completely abandoned. 

The present method of repayment of 
such construction advances from 22 
per cent of gross over a 20-year period 
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is also probably too severe a require- 
ment on the water utility. Under 
present commission rules the monies 
received under construction advances 
are not considered as part of the rate 
base. Therefore, a water utility is 
theoretically not given any earnings 
from these properties except the 
amount equal to depreciation on them. 
It would appear that the 22 per cent 
of gross revenue repayment may re- 
quire the company to pay back all its 
cash earnings derived from the par- 
ticular properties constructed out of 
funds received under construction ad- 
vances. A water utility, then, which 


has built a substantial portion of its 
properties with funds of this type 
would find itself with a severe cash 
shortage because earnings could easily 
fall short of supporting normal opera- 
tions, debt service, actual replacement 
requirements, and return of capital to 


the subdividers. This device of requir- 
ing subdivider to provide, in effect, 
substantially all the money for expan- 
sion should be reviewed most carefully 
in relation to total capital obligations 
of the particular industry. 

There have been a number of in- 
stances where companies exchanged 
the 3 per cent preferred stock at par 
for these construction advances. This, 
apparently, has been very desirable 
from the standpoint of the privately 
owned water company for, after the 
construction advances have been traded 
for preferred stock, the properties be- 
come part of the rate basis. There- 
after, the preferred stock dividends on 
the new stock actually are less of a 
cash drain than was the refund of 22 
per cent of the gross revenue. There 
will be little gain to the water utility 
unless the entire amount being so ex- 
changed for preferred stock can be 
added to the rate base. It is strongly 
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urged that any privately owned water 
utility which has been extending ex- 
tensively its construction by means of 
construction advances avoid building 
up too heavy a construction advance 
liability. 

Bank loans, basically, are a tempo- 
rary means of financing any construc- 
tion program. No public utility can or 
should build up extensive bank loans 
without having first determined the 
manner in which they can and will re- 
fund these from a permanent source of 
capital. 


Long-Term Debt 


Many utilities place a great deal of 
emphasis on securing the lowest pos- 
sible interest rate in developing their 
long-term borrowing. At times this 
may be a decided mistake, as the 
greater emphasis should be placed on 
securing the most genuinely advan- 
tageous general business terms. Cre- 
ation of a long-term debt involves the 
careful development of a contractual 
relationship which must be worked out 
in sufficient detail to be satisfactory to 
both the borrower and lender. 

Inexperienced borrowers sometimes 
misunderstand various loan terms, per- 
haps because they do not realize that 
the complexity of the agreement is 
necessary to provide sufficient flexi- 
bility to permit the utility to conduct 
a normal business over many years. 

It is not practical to attempt to es- 
tablish specific ratios indicating for 
each special circumstance how much 
long-term debt may be safely incurred. 
It is felt that the establishment of 
such ratios frequently oversimplifies 
the problem. Clearly well established 
utilities serving desirable areas, and 
with proved ability to raise additional 
equity when, as, and if needed, can 
prudently borrow larger amounts rela- 
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tively than small utilities whose man- 
agement is less experienced in financ- 
ing matters and whose service area is 
comparatively confined. Management 
should realize that creation of a debt 
imposes upon it a fixed charge not 
only for interest but ultimately for re- 
payment of the amounts borrowed. 

Excessive debt certainly lessens the 
general attractiveness of a_ utility’s 
equity and makes it more difficult to 
interest additional investors in a com- 
pany’s preferred or common stock. 

One of the most important consid- 
erations when selecting a program for 
permanent financing is the question of 
what effect this particular financing 
will have on the ability to raise addi- 
tional funds. It is very poor policy to 
exhaust long-term credit in the hope 
that either additional funds will not 
be needed for many years or that 
when such additional funds are needed 
there will be no trouble in raising all 
that is required through the sale of 
equity securities. Under some circum- 
stances equity capital is very difficult 
to find. Therefore, it seems wise to 
always keep some margin of borrow- 
ing capacity available for emergency 
use. 


Interest Rates 


Interest rates concern all business 
which must raise additional capital. 
Considering the large amount of capi- 
tal needed by water and other utilities, 
this constitutes an even greater con- 
cern. In recent years, the cost of 
money has increased rather steadily. 
Most, at times, will forget that money 
even today is not historically high 
priced. Although interest rates are 
materially higher than those paid in 
the last 25 years, they are still gen- 
erally low compared to those paid in 
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the 1920’s. Rates are also low in thi 
country compared to almost any pl 

else in the world. The change in 
rates should be viewed as a restoration , 
of more normal interest rates. This | 
increase has occurred as a result of 
extremely active business conditions 
which required heavy capital expendi- 
tures and borrowing by industry and 
individuals over the entire postwar pe- 
riod. The demand for capital in those 
years has been so heavy that the cost 
of money has been forced up to more 
normal levels after having been abnor- 
mally low during the prolonged period 
of depression and war ending in 1945. — 


California Regulations 


The increasing cost of money has 
undoubtedly caused many to realize 
the necessity for rate adjustments. 
Certainly if utilities are to prosper in 
California, they must be permitted to 
earn a sufficiently high rate of return 
to enable them to attract capital on a 
fair basis. The belief, current in in- 
vestment circles around the country, 
that regulations in California have been 
too strict is shared by the author. 

Many utilities in other areas have 
been permitted to earn materially 
higher rates of return than do tho 
in California. The area is ry 
growing one and the growth does not 
seem to be slackening. Unless in- 
vestors believe that they will receive 
satisfactory earnings over a long pe- 
riod of time it is quite probable that 
they will tend to invest in other areas— 
not only from a geographical stand- 
point but also from an industry st&nd- 
point. Managers and owners of pri- 
vately run water utilities should take 
every possible step to make sure that 
investors are well treated. This means 
that there is an obligation to the own- - 
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ers to request rates sufficiently high to 
provide an adequate rate of return. If 
the return on capital invested in Cali- 
fornia utilities proves to be inadequate, 
relative to other states, it is going to 
be increasingly difficult to attract capi- 
tal to the water industry. This ulti- 
mately would mean a deterioration of 
credit and of service to consumers. 
Earnings must be sufficient not only 
to attract capital but also to be fair to 
present investors. 


There is no single continuing fair 
rate of return. The Public Utilities 
Commission in California certainly 
recognizes this fact and has generally 
been somewhat more lenient toward 
small utilities. This approach for the 
smaller utility is generally fair as the 
risks to the investor in placing his 
funds in smaller water companies are 
undoubtedly greater than in making 
investments in major, well established 
utilities. 


Correction 


In the paper “Review of the Jar Test” by A. P. Black, et al. (November 
1957 JourNnaL, Vol. 49, pp. 1414-24), there was an editorial omission. The 
following sentence was inadvertently dropped from the text: 


This investigation was supported by a research grant, RG-4516, from the Na- 


tional Institutes of Health, USPHS. 
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Relationships of Temperature and 
Air-Conditioning Water Use 


Harris F. Seidel and John M. Carpenter 


A contribution to the Journal by Harris F. Seidel, Supt., Water & 


ARLY in 1955 the city council of 
Ames, Iowa, was made aware of 
the impact of air conditioning upon the 
local water utility. Water department 
personnel were asked to assemble in- 
formation on the use of air condition- 
ing locally and on current good prac- 
tice in its control. With this back- 
ground the city administration then 
prepared and adopted an ordinance lim- 
iting water use for this purpose. The 
following analysis derives from studies 
made at that time and subsequently. 


Air-Conditioning Installations 


At the time of the original survey, 
there were approximately 40 commercial 
and a dozen residential installations, 
totaling approximately 350 tons capac- 
ity. Although a few of the older com- 
mercial installations were of the 
straight-flow, noncondensing type, the 
majority were of the refrigeration 
type with no provision for water 
conservation. 

The task of assembling data was 
simplified by the fact that both water 
and electric power use for almost all 
of these installations was separately 
metered. Water and electric meters 
are read together monthly in Ames; 
billing and collection for municipal 
water, sewage, and electric utilities is 
then handled through a central finance 
office. 


Sewage Treatment, and John M. Carpenter, City Mgr., Ames, Iowa. 
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In the few cases where metering 
was not completely separate, water and 
power consumption for other purposes 
was small and their use for air condi- 
tioning alone could be estimated quite 
accurately. 

Water use in nonconserved air con- 
ditioning depends primarily on water 
temperature but is also affected by 
quality. For this reason, operating 
characteristics are different for every 
situation and those reported here are 
of general interest only. 


Operating Data 

Ames water is drawn from several 
shallow (120 ft) wells. Water is dis- 
tributed at a temperature of 57°F in 
the business district in the summer 
months. Lime-soda softening and 
polyphosphate treatment produce a 
highly stable water of 80-90 ppm 
hardness. 

At this temperature, water use per 
ton of cooling capacity was found to 
vary generally in the range 0.7-1.0 
gpm while the condenser was operat- 
ing, which is about 60 per cent of the 
time that the air-conditioning unit is in 
service. 

Water use ranged from 30 to 45 
gal/kwhr of power demand—independ- 
ent of the size of the unit. This co- 
incided roughly with a temperature 
rise of 35-40°F in the water passing 


a 
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through the unit. In still other terms, 
the water use in refrigeration type 
units was 15,000-50,000 gal per ton 
per season. The straight-flow, non- 
condensing type conditioners were 
found to use roughly three times as 
much water—although, of course, no 
power was used except that for driving 
the blower. 

Using a rough industry factor of 
1.2 kwhr per ton of cooling capacity 
per condenser operating hour, the 
“condenser-hours” for each installa- 


able value in estimating operating costs 
for prospective customers. Indirectly, 
the study has also provided data of 
considerable value to the municipal 
water and electric utilities for demand 
and load growth studies. 


Seasonal Use Patterns 


Even the most casual review of the 
above operating data indicated that 
water demand for air conditioning re- 
sponded to weather variations. After 
preliminary checks, it was decided to 


TABLE 1 
Metered Water Use of Ten Representative Air-Conditioning Installations at Ames, Iowa 


Water Use During Air-Conditioning Season—1,000 cu ft 


Capacity 
tons* 


1951 1952 1953 1954 1955 Average 


Automobile showroom 
Shoe store 

Lodge hall 

Men’s clothing store 
Drug store-luncheonette 
Restaurant 

Drug store 

Women’s wear store 
Restaurant 


A 
B 
D 
E 
F 
G 
H 
I 

J 


Department store é 132.6 | 201.0 | 229.1 | 200.0 | 195.0 


8.3} 9.5] 17.7] 16.5] 22.5 
74] 12.4] 13.3} 13.0 11.4 
28.4} 53.2] 41.0} 50.3] 66.8 47.3 
11.2; 20.8} 19.6] 18.7} 20.9 18.4 
23.1} 30.7} 26.4] 33.8) 28.5 28.4 
90.1} 99.6} 151.9 | 122.5 | 125.0 
4.5; 7.0} 9.1] 13.4] 16.9 
10.2} 12.9} 14.0] 14.1] 13.1 
61.7| 96.6) 110.3 | 119.4 | 123.1 


* Key: R—Refrigeration or noncondensing type; S—Straight flow, noncondensing type. 


Combination of two 3-ton and one 5-ton unit. 
Combination of two 15-ton units. 


tion were calculated. Again, consider- 
ing this to be roughly 60 per cent of 
the time the air conditioner was oper- 
ating, the total operating hours (or 
“season” ) were calculated for each in- 
stallation. These results ranged gen- 
erally from 400 to 1,200 hr, except 
for restaurants, several of which had 
air-conditioning seasons of more than 
2,000 hr. 

Detailed operating data were tabu- 
lated for each installation and made 
available to local air-conditioning deal- 
ers and other interested persons. 
This information has been of consider- 


test for statistical correlation between 
water use and temperature patterns. 

First, ten commercial air-conditioning 
installations were chosen with a range 
in type of business and size of unit 
which was considered to be representa- 
tive of those in the business district 
at the time. Table 1 lists the installa- 
tions and gives their water consumption 
during the four seasons prior to the 
original study in 1955 and for the two 
subsequent years. Two of the ten in- 
stallations were changed radically in 
1957, making continuation of the study 
in its original form impossible. 


tnstal 
5R 
34S 
11Rt 
5R 
3R 
10R 
3R 
5R 
11S 
225.3 197.2 
| 
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Next, air-conditioning water use per 
season for each installation was ex- 
pressed as a percentage of average use 
for a 6-year period (Table 2). The 
unweighted average of these ten val- 
ues was then determined for each sea- 
son. The latter were assumed to be 
representative of the year-to-year vari- 
ation in water demand for air condi- 
tioning over the period under study. 
Note that, according to this rather 


TABLE 2 


Air-Conditioning Water Use Patterns for 
Ten Installations 
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pattern but was balanced by demands 
of others in the group. 


Seasonal Temperature Patterns 


After establishing what it was be- 
lieved were representative water use 
patterns, attention was turned to a 
study of climatic factors which might 
exhibit reasonably similar trends. 
This phase of the study was aided by 
the availability of continuously re- 
corded temperature data for the 1953 


TABLE 3 
Summary of Temperature Data 


Seasonal Water Use—Per Cent of 
6-Year Average 


1953 


414 | 106 
65 | 85 | 109 | 117 
60 | 113 | 87 | 106 
60 | 113 | 106 | 102 
81 | 108 | 93 | 119 
76 | 85 |129 | 104 
40 | 64 | 83 | 123 
80 | 101 | 109 | 110 
57 | 89 | 101 | 111 
67 | 102 | 116 | 102 
63.9| 92.1] 104.7| 110.0 


1951 | 1952 1954 


53 61 


A 
B 
D 
E 
F 
G 
H 
I 
J 
J 


> 


* Unweighted average. 


arbitrary procedure, 1955 appeared to 
be about twice as rigorous an air- 
conditioning season in Ames as did 
1951. 

The basic water use data were avail- 
able for monthly meter-reading periods 
and, with these data, similar calcula- 
tions were made for each installation 
and averaged for the ten, to yield a 
month-to-month pattern. Sample cal- 
culations for the 1953 season for instal- 
lations A, J, and A-J inclusive are pre- 
sented as part of Table 4. Water use 
by any one installation often varied 
appreciably from the general climate 


Number of Degree-Days Above 65°F 
Month* 


1955 


May 
June 80 
July 344 
August 422t 
September 204 
October ii 


Total§ 1,119 


* Meter-reading month; average reading date is 25th 
of calendar month. 

+ Unusually cool and wet summer. 

t Among the warmest summer months on record 
locally. 

§ Percentages of 6-year average (933) of season totals 
are as follows: 1951, 61.2; 1952, 92.2; 1953, 102.7; 1954, 
111.9; 1955, 119.9; and 1956, 112.2. 


and 1954 growing seasons in the Ames 
area, gathered by the Agronomy De- 
partment of Iowa State College. 

Statistical studies were made of a 
number of temperature relationships, 
the details of which are of only passing 
interest. First, data were accumulated 
on “cooling hours”—the actual hours 
during which air temperatures were 
above arbitrary bases such as 65°F, 
70°F, and 75°F. The correlation be- 
tween air-conditioning water use and 
cooling hours as thus defined was 
neither good nor bad but was closest 
at 65°F or 70°F. 

Also investigated were “degree- 
hours”—the actual count of degrees 


= 
] 
t 
lation | 1951t 1952 | 1953| 1954 | = 
122 | 
1114 | 110 | 307 
| 141 | 93 | 22 
101 | 98 | 1,047 | 
106 | 100 
155 | 135 
102 | 98 
114 | 128 
99 | 114 . 
| | | | 119.0 110.3 
| 
| 
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Fahrenheit times the number of hours 
above the bases of 65°F, 70°F, and 
soon. This yielded the poorest corre- 
lation with water use of the several 
temperature factors analyzed. 

Next, a calculation of “degree-days” 
above various temperatures was made. 
‘This is an exact counterpart of the 
degree-days factor so familiar to the 
heating industry, which is based on 
ivariance of the mean daily temperature 
from a given base such as 65°F.* 
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it was realized that local mean daily 
temperatures of 65°F would corre- 
spond to daytime maximums just be- 
coming uncomfortable and that air- 
conditioning requirements would in- 
crease with temperatures yielding 
degree-days above a 65°F base. 
Degree-days above 65°F for the 
6-year period 1951-56 inclusive are 
summarized in Table 3. A sample 
calculation of the temperature pattern 
for the 1953 season is shown as part 


TABLE 4 


Comparison of Air-Conditioning Water Use for Two Installations and 
Temperature During 1953 Season 


Water Use 


Degree Dayst 


Installation A 


Installation J 


A-Jt 


Per Cent of 
Season 1,000 cu ft 


Per Cent of | Per Cent of 
Seaso’ Season 


Total 


16.12 
51.27 
49.86 
55.99 
31.52 
24.37 


3.41 
5.37 
5.80 
2.65 
0.51 


May 
June 
July 
Aug. 
Sept. 
Oct. 


1.7 
25.1 
23.8 
28.9 
14.5 

6.0 


229.13 


17.74 


| Season total 


100.0 


* Meter-reading month; average reading date is oo of calendar month. 


+ Refers to all | installations listed in Tables 1 and 2 
t Base of 65 


This appeared to yield a poor corre- 
lation when calculated for base tem- 
peratures of 75°F or 80°F, where it 
might be anticipated that air condition- 
ing would become important. At 70°F 
this correlation was considerably im- 
proved, and at 65°F it was surprisingly 
good. This was rather puzzling until 


*For example, using a base of 65°F, with 
a recorded maximum temperature of 95°F 
and a minimum of 75°F, the mean tempera- 
ture would be 85°F. This would give cool- 
ing degree-days of 85°F-65°F or 20 degree- 
idays for that day. 


of Table 4. Month-to-month tempera- 
ture and water use patterns for the 
other years studied are presented in 
Table 5. 

The very striking correlation be- 
tween air-conditioning water use and 
this particular climate factor, year after 
year, is shown in Fig. 1 and 2. The 
length of the study period would seem 
to rule out the play of coincidence or 
chance in this relationship. 

Humidity, in the range recorded, 
appeared to have little or no effect. 


| | 
Number Season 

ota Ota a 
7 20 21 
19 22 227 23.7 ; 
30 22 234 24.4 : 

33 24 258 26.9 
| 15 14 158 16.5 

3 11 61 | 6.4 

100 100 958 | 100.0 


40 
1953 
5 30 
29 
$ 
© 10 
Cm 
40 
1954 
3 30 
10 
5 — = 
10 
30 
1956 
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10 
0 
May June July Aug. Sept. Oct. 
Fig. 1. Monthly Water Use and Tempera- 


Data shown are for local conditions at 
Solid bars show 
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Ames, Iowa, only. 


degree-days above base of 65°F; open 
bars indicate air-conditioning water use. 
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Relative humidities noted during these 
seasons, as measured at 12:30 pm and 
6:30 pM, were generally in the 50's 
during hot, dry periods and in the 60's 
during cool, wet periods. 

The obvious qualification must be 
added that the correlation described 
was determined for Ames, Iowa, and 
for the water supply and weather con- 
ditions found locally; nothing more is 
implied. If such a correlation with 
degree-days has value, however, its ad- 
vantages include ready availability of 
the temperature data needed and con- 
sequent ease of calculation. 


Residential Installations 


At the time of the original study, 
valid operating data were available for 
only a few of the dozen residential in- 
stallations then in service—most of 2- 
or 3-ton capacity. These and subse- 
quent records, however, indicated the 
water use for air conditioning alone 
to average generally 600-1,200 gpd 
per installation during the peak sum- 
mer month. 

It is not easy to grasp the signifi- 
cance of these figures. One implica- 
tion is that the water use rate in a 


8 


8 


| 


Air Conditioning Water Use and 
Degree-Days — per cent of 6-year average 


8 
| 


ou 
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Fig. 2. Annual Air-Conditioning Water 
Use-Temperature Relationships 


Solid bars indicate degree-days; open, 
air-conditioning water use. 
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TABLE 5 
Comparison of Air-Conditioning Water Use and Temperature for 6-Year Period * 


Per Cent of Season Total 


1951 1952 


1955 


Water Water 


Degree 
Use Days Use 


Degree 
Days 


Water 


e Water 
Use Days ji 


Water 
Use Use 


June 15.3 | 15.4 | 22.6 
July 28.3 | 29.6 | 30.5 
August 32.1 | 30.9 | 24.4 
September 15.7 | 15.9 | 13.7 


October 


May 46| 47} $1 | 41 
24.4 
36.5 
19.8 
13.7 
40| 35] 3.7] 15 


Da 
1.2 1.5 7.5 5.2 4.6 4.2 
20.5 | 17.9 9.4 7.2 | 28.4 | 28.0 
35.1 | 39.2 | 30.8 | 30.7 | 23.9 | 25.6 
24.4 | 22.6 | 32.2 | 37.7 | 27.9 | 29.3 
16.0 | 15.2 | 17.4 | 18.2 8.3 8.9 
2.8 3.6 2.7 1.0 6.9 4.0 


* Data for 1953 are included in Table 4. 


neighborhood saturated with non- 
conserved air conditioning would triple 
or quadruple during the warmest sum- 
mer months, simply on the basis of 
total monthly use. It is hard to grasp 
the possible effect in terms of short- 
term peak loads, for there simply is not 
that much water, nor are distribution 
facilities capable of delivering it to the 
point of use. 


Adoption of Ordinance 


Calculations for the 1954 season 
showed that air-conditioning water use 
in Ames was only 2.5 per cent of total 
annual water sales and probably did 
not exceed 8 per cent of the rate of 
use during peak demand periods. 
These small proportions were in them- 
selves hardly of major _ concern. 
Nevertheless, the city.council was con- 
cerned with at least three facets of this 
problem. First, air conditioning was 
obviously in its ascendancy, and its 
effect on the water utility could only 
grow. Second, if residential installa- 
tions mushroomed as anticipated by 
the air-conditioning industry, the de- 
mands on source, plant, and distribu- 
tion system’ would become insupporta- 
ble. Finally, the air-conditioning sea- 
son in Ames comprised possibly 10 


+ Meter-reading month; average reading date is 25th of calendar month. 


per cent of the year and facilities pro- 
vided to serve these unusual demands 
would be idle and unproductive the 
remaining 90 per cent of the time. 

Another important factor was the 
tone of the objections to any type of 
control raised by owners of existing 
installations. The council quickly con- 
cluded that only more severe water 
demands and a larger group of ob- 
jectors could result from delay or post- 
ponement of control. 

Consequently, the city administra- 
tion prepared and adopted during the 
1955 season a rather restrictive ordi- 
nance, effective the following year. 
Based upon the model ordinance pre- 
pared by the AWWA (1), the Ames 
ordinance states that new installations 
of 2 tons and over in capacity must 
provide water conservation, limiting 
the demand rate to 0.25 gpm per ton. 
The ordinance is not retroactive—that 
is, it does not apply to existing instal- 
lations during their normal service 
lives, but will apply to existing units 
at the time of alteration or replacement 
of components. 

With the background of operating 
and cost data furnished them and after 
several conferences with city officials, 
the local air-conditioning people ac- 


1954 1956 
Montht 
| 
| 
| 
‘ 
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cepted the new ordinance with the 
realization that it would insure more 
reliable and more economical water 
service for the community as a whole. 


Summary 

A study of water use for air condi- 
tioning in Ames, Iowa, yielded de- 
tailed operating records which focused 
attention on the impact of this demand 
on the local water utility. 

After review of the problem by city 
officials with local business men and 
industry representatives, a restrictive 
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ordinance was prepared and adopted. 
Complaint or comment on the ordi- 
nance since passage has been virtually 
nil. 

From this study a surprisingly close 
correlation was derived between cli- 
mate—in terms of degree-days above 
65°F—and water use by a group of 
representative, local air-conditioning 
installations. 


Reference 


1. Committee Report. Regulation of Air 
Conditioning and Other Refrigeration. 
Jour. AWWA, 42:1111 (Dec. 1950). 
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Effect of 1952-56 Drought on Iowa Impounded 
Water Supplies 


E. Robert Baumann and John L. Cleasby 


A paper presented on Oct. 17, 1957, at the lowa Section Meeting, Des 
Moines, lowa, by E. Robert Baumann, Prof., and John L. Cleasby, 
Asst. Prof., both of the Dept. of Civil Eng., lowa State College, Ames, 


Towa. 


INCE September 1952, Iowa has 
had the most serious drought in 
recorded weather bureau history. 

he lack of precipitation has been fairly 
widespread in the midwestern United 
States and has been particularly acute 
in southern Iowa. As a result of the 
extended drought, sixteen of the 21 
cities in southern Iowa which use im- 


pounding reservoirs as a source of 
ter supply experienced serious water 


rtages (Fig. 1). In some cities 
pplies were inadequate, and water 
to be brought in, often from a dis- 
In other communities the use 
water was curtailed to conserve the 
windling supply. Six of the cities 
re fortunate in having auxiliary 
urces which could be used. 
Although the primary cause of water 
hortages has been the extended period 
f drought, many reservoir inadequa- 
ies were due to improper hydrologic 
esign. The adequacy of an im- 
unded source to meet a specified de- 
and is controlled by two closely re- 
* lated factors, the reservoir volume and 
the contributing drainage area. To be 
fully adequate as a water supply source, 
the reservoir volume must be large 
enough to supply water over the most 
‘ severe drought that can reasonably be 
expected. 


In addition, the drainage area must 
be large enough to fill the reservoir and 
to contribute enough water to maintain 
an adequate supply during the design 
period drought. Overdesign of one 
factor will partially compensate for a 
deficiency in the other. Many of the 
impounded water supplies of Iowa are 
inadequate in one or both of these 
factors. 

Therefore, the purpose of the study 
was: 

1. To determine the rainfall defi- 
ciency for the 1952-56 drought as com- 
pared with that of previous droughts 

2. To determine the runoff defi- 
ciency for the 1952-56 drought 

3. To determine the effect of these 
deficiencies on the adequacy of Iowa 
municipal impounded supplies by 
means of a questionnaire survey 

4. To determine in a qualitative 
manner the design weaknesses which 
caused the inadequacies 

5. To propose information which 
may prove helpful in preventing recur- 
rence of these difficulties. 

The scope of this study was limited 
to southern Iowa, particularly to the 
last two tiers of counties. It was fur- 
ther limited to a qualitative evaluation 
of the impounded supplies, because of 
the lack of small-basin runoff records 
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Fig. 1. Empty Iowa Reservoir 


This picture, taken in 1955, shows the 
effect of the prolonged drought discussed 
by the authors. 


in southern Iowa. No specific design 
recommendations have been made in 
this study. 


Other Studies 


Quantitative studies of reservoir de- 
sign have recently been made by Rose- 
braugh (1) for the eastern section of 
Kansas and by Hudson and Roberts 
(2) for Illinois. The importance of 
providing adequate reservoir volume 
and an adequate drainage area was 
emphasized in both reports. Rose- 
baugh suggested a minimum of 125,000 
gal storage and 2.25 drainage acres per 
person for areas in eastern Kansas 
where average annual rainfall is 40 in. 


| 


No Record 


on 


Total Annual Precipitation — in. 


Avg = 32.45 in. 


| 
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1940 
Year 


Fig. 2. Variations in Annual Precipitation for Three Iowa Communities 
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For areas with less rainfall and conse- 
quently less runoff, he proposes pro- 
portionately more storage and area. 

In 1935, Wieters (3) evaluated the 
effect of the 1933-34 drought on Iowa 
public water supplies. Quantitative 
design recommendations were not pos- 
sible due to lack of adequate runoff 
data, but the principal cause of failure 
of impounded supplies was determined 
to be insufficient storage, with drainage 
area having little effect. Wieters rec- 
ommended a program for increasing 
the available hydrologic data for future 
use in improving the design of im- 
pounding reservoirs. In 1936, Water- 
man et al. (4) presented some funda- 
mental design considerations for the 
design of impounding reservoirs based 
on the study by Wieters and a study 
of rainfall runoff data from Ralston 
Creek, Iowa. It is interesting to note 
that most of the communities which 
experienced failures of impounded sup- 
plies in the 1933-34 drought also ex- 
perienced failure or shortages in the 
1952-56 drought. Today, there is still 
a lack of adequate hydrologic data, 
which Wieters indicated were needed 
in 1935. Nixon and Schwab (5) have 
proposed a method for predicting small 
watershed yield based on watershed 
characteristics in southern Iowa.* 


Extent of Drought 


The normal annual precipitation in 
the area of southern Iowa under con- 
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Fig. 3. Rainfall Deficiencies During 
Droughts at Mount Ayr, Iowa 


Curves show that the cumulative defi- 

ciencies during the 1952-56 drought 

were more severe than those during com- 

parable periods in the other two droughts 
plotted. 


sideration is about 35 in., but the pre- 
cipitation which may occur in any year 
may vary greatly from the average. 
Annual variations in precipitation for 
the entire period of record for three 
Iowa stations are shown in Fig. 2. 
These three stations—Mount Ayr, 
Centerville, and Shenandoah—were se- 


* Other studies have been made on the 
relationships between water storage devel- 
opment and runoff data, beginning in 1914 
with Allen Hazen (6), who based his analy- 
ses primarily on watersheds of New Eng- 
land and New York. Boyce, et al. (7) dis- 
cussed the problem on the basis of data from 
eastern and midwestern waters, and Small- 
wood, Wyndham, and Cole (8) have pre- 
sented material from a North Carolina river. 

Including this article and the references 
the authors have given (1-5), it would ap- 


pear that there is quite a bit of material 
published from a regional point of view. 
This leads to the question of whether it 
would be possible or feasible—considering 
differences in climate, rainfall, and local con- 
ditions—for someone or some group to ana- 
lyze these sources of material, along with 
others, and present an overall picture of the 
water storage situation as it affects the 
country at large. Such a study, if under- 
taken, would make an interesting and worth- 
while project.—Eb. 
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lected because of their location in the that at Mount Ayr, which has kept 
principal area of impounded water sup- records for 60 years. Few stations in 
plies in Iowa. The period of record southern Iowa have records for more 
is not long at these stations, except for than 20 years. 


Nes 


Duration 
36 Months 


Total Runoff— in. 


10 100 


Recurrence Intervals — years 
Fig. 4. Recurrence Intervals for Low-Flow Periods 


Symbois are plotted from various low-flow periods of indicated duration, from records 
of the Thompson River, at Davis City, Iowa. Symbols inside squares indicate the 
1952-56 drought, where the 6-month total falls far below its appropriate curve. Im 
fact, it can be seen by the dashed lines that a 6-month period as severe as this could 
be expected to occur about once every 250 years. 
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The rainfall deficiencies plotted in 
Fig. 3 for Mount Ayr show the 
1952-56 drought as compared with 
previous drought periods. From these 
figures it is evident that the deficiencies 
experienced in the 1952-56 drought 
were more severe than any previous 
drought on record, amounting to 36.5 
in. in the critical 48-month period. 

Since water demands are greatest in 
the summer months, the seasonal vari- 
ation of this deficiency occurrence was 
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conditions, which lead to proportion- 
ately more infiltration and less runoff 
when rains do occur. A 50 per cent 
deficiency in rainfall occurring mainly 
in the summer months may reduce the 
normal runoff by more than 50 per 
cent. 


Runoff Deficiencies 


To determine the runoff deficiencies, 
records covering an extended period of 
stream flow should be available for sev- 


TABLE 1 
Monthly Precipitation During Normal Years as Compared With Drought Years 


Avg. Monthly Precipitation—in. 


Mount Ayr 


Normal Drought* 


1.21 
1.31 
1.30 
2.62 
2.47 
4.21 
2.34 
1.64 
3.01 
1.58 
2.49 
0.46 


1.10 
1.19 
1.87 
3.09 
4.19 
5.21 
3.65 
4.00 
3.89 
2.69 
1.83 
1.15 


33.03 


Totals 


33.86 24.64 


* Average of four driest years: 1934, 1937, 1953, and 1955. 


+t Average of two driest years: 1953 and 1955. 


studied for the three stations. This is 
shown in Table 1, which compares the 
normal monthly rainfall distribution 
with the average monthly distribution 
during the four driest years on record. 
This table shows that most of the defi- 
ciencies occur from April to September. 

This distribution of rainfall com- 
pounds the deficiency problem. Lack 
of rainfall in the summer months re- 
sults in unusually dry soil moisture 


eral streams in the area concerned. 
Such records are usually not available, 
particularly for basins of the size nor- 
mally used for municipal supplies. 
Short-period records were available for 
the Thompson River at Davis City, 
Iowa; and to obtain at least a spot 
indication of runoff deficiencies, these 
records have been analyzed for low- 
flow frequencies and durations. The 
Thompson River was selected because 


VA 
ept 
in 3 
ore 
Month Centerville Shenandoah 
| Normal Drought* Normal Droughtt 
: January 1.11 1.57 0.85 0.92 
February 1.30 1.60 1.10 1.59 
March 1.86 1.84 1.55 1.49 
April 3.20 2.78 2.60 2.41 
| May 4.30 2.38 4.10 2.26 . 
June 4.83 3.12 5.00 6.13 
July 3.60 2.40 3.70 1.95 
August 3.73 1.87 4.10 2.28 : 
September 4.15 2.40 4.05 2.46 
October 1.66 1.59 2.60 0.81 : 
November 1.99 1.94 1.75 0.71 : 
December 1.30 0.66 1.05 0.66 
| me 24.15 32.45 23.67 
00, 
ris 
the 
In: 
uld 
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on it is the only gaging station in south 
central Iowa. With a drainage basin 
of 704 sq mi, it is larger than most 
municipal basins, but it is the best 
available station. Records are available 
for the 18-year period from 1918-25 
and 1941-55. This is typical of the 
lengths of records available on Iowa 
streams and emphasizes the need of 
more basic hydrologic data. 
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USGS water supply papers for the 
Thompson River are tabulated in 
Table 2. To obtain the recurrence in- 
terval data to be used in plotting each 
of the curves of various durations in 
Fig. 4, it was necessary to make a run- 
ning tabulation of the total runoff for 
the duration period concerned. A 
typical tabulation for the 6-month 
duration curve is included in Table 3. 


TABLE 2 
Runoff of Thompson River at Davis City, Iowa 


Total Runoff—in. 


Jul. Aug. Sep. 


1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 


1.86 
2.77 
0.52 
0.21 
0.52 
0.22 
0.10 


1.42 
1.90 
0.23 
0.33 
1.29 
1.26 
0.16 


0.01 
0.03 
1.38 
0.30 
0.60 
0.19 
0.31 


0.06 
0.13 
0.20 
0.06 
0.86 
0.26 
0.20 


0.07 
0.13 
0.63 
0.04 
2.60 
0.25 
0.39 


1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 | 0.38 
1953 | 0.09 
1954 0 
1955. | 0.04 


0.31 
0.16 
2.61 
2.47 
0.59 
3.56 
0.36 
0.36 
0.10 
2.14 
0.84 
0.87 
0.07 
0.21 


1.14 
0.30 
0.55 
2.53 
1.31 
0.79 
1.52 
0.94 
0.67 
1.40 
2.63 
0.87 
0.02 
0.60 


0.04 
0.17 
0.01 
0.01 
0.22 
0.67 
0.01 


0.55 0.06 


1.30 
0.18 
0.09 
0.29 
0.18 
0.18 
0.02 
0.02 
0.10 
0.04 
0.25 
0.01 
0.02 
0.01 
0.01 


0.02 
0.48 
0.40 
0.17 
0.26 
0.13 
0.43 
0.11 
0.37 
0.26 
0.92 
0.04 
0.08 
0.02 
0.31 


0.02 
0.13 
0.28 
0.60 
0.08 
0.29 
0.05 
0.07 
0.16 
0.39 
0.32 
0.05 
0.08 
0.06 
0.02 


The purpose of this phase of the 
study was to determine the relationship 
between the frequency of occurrence 
(recurrence interval) of drought pe- 
riods of varying duration and severity. 
The results are shown in Fig. 4, which 
was plotted from the method described 


by Hudson and Roberts (2). The 
original runoff data obtained from the 


To obtain the values in this table, each 
6-month period was totaled and tabu- 
lated in the middle of the period. For 
example, the figure of 1.69 under Au- 
gust 1918 (Table 3) is the total of the 
May-October figures in Table 2. 
When the running totals have been 
tabulated for the entire period of rec- 
ord, the table is scanned for the lowest 


|| 
Year 
Jan. Feb, | Mar. | Apr. | May | Jun. | Oct. | Nov. | Dec. 
0.55 | 0.92 0.08 | 0.13 | 0.09 
0.10 | 0.25 2.21 | 3.94 | 0.30 | 0.83 | 0.04 
0.03 | 0.86 | | 1.34 | 0.66 0.06 | 0.06 | 0.07 
0.04 | 0.22 | | 0.74 | 0.72 0.08 | 0.06 | 0.02 
0 0 | | 0.83 | 0.15 | | 0.15 | 1.57 | 0.13 
0 0 | | 0.28 | 0.24 | 0.16 | 0.05 | 0.05 
0 0 | 0.72 | 3.39 | 0.05 | 0.04 0 
0 | 0.18 0.04 | 0.56 | | 
| | 2.32 | 1.93 | 1.02 
0.56 1.12 | 0.86 | 0.15 | 0.15 | 0.30 
0.46 0.96 | 2.07 | 0.03 | 0.04 | 0.02 
0.10 | | 2.20 | 1.00 | 0.18 | 0.12 | 0.32 
1.01 | | 2.08 | 0.95 0.15 | 0.06 | 0.12 
0.53 | 10.91 | 1.18 | | 0.37 | 0.26 | 0.10 
0.17 | 0.96 | 7.55 | | 0.04 | 0.09 | 0.22 
0.33 | 0.04 | | 0.01 | 0.05 | 0.02 
| 0.14 | 1.07 | | 0.04 | 0.03 | 0.04 
| 1.53 | 1.61 | | 0.02 | 0.02 | 0.01 
4.27 | 2.03 | 0.74 | 0.55 | 0.09 
| 1.01 | 0.99 | | 0.01 | 0.32 | 0.08 
| 0.45 | 0.59 | 0.01 | 0.01 | 0.01 
0.18 | 0.77 | 0.28 | 0.01 | 0.01 
0.03 | | 
| 
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6-month total, which is given the order 
1. Then the second lowest 6-month 
total is found and given the order 2, 
and soon. As each is found and num- 
bered, the months used in obtaining 
that total are crossed out so that this 
6-month period is not included in more 
than one occurrence. The recurrence 
interval is then obtained by dividing 
the total years of record by the order 
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interval curves in Fig. 4. For all dura- 
tions, the 1952-56 drought resulted in 
the lowest total runoff, which would 
indicate that this drought was the most 
severe drought on record for the 
Thompson River basin. Furthermore, 
the 6-month point for the 1952-56 
drought falls far below the appropriate 
curve. This would indicate that the 
recurrence interval of this point is 


TABLE 3 
Six-Month Running Total,* Runoff of Thompson River 


Six-Month Running Total—in. 


Jan. Feb. Mar. May 


Jun. 


Jul. Oct. Nov. 


1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 


9.81 
8.16 
2.47 
4.12 
2.58 
5.98 


5.93 
6.94 
1.82 
1.39 
2.22 
2.25 
0.48 


2.07 
3.96 
0.68 
0.49 
3.14 
4.66 
0.436 


3.85 
6.43 
1.14 
0.62 
3.51 
1.58 
0.48 


0.47 
1.36 
1.81 
0.52 
3.31 
0.71 
0.60 


0.447 
1.46 
2.40 
0.56 
5.91 
0.96 
0.98 


9.69} 8.30 
7.50 
2.31 
4.98 
2.84 
5.98 


1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


4.47 
4.35 
6.63 
9.30 
4.62 
13.46 
2.67 
3.65 
4.99 
11.90 
5.73 
3.53 
1.07 
1.75 


5.68 
2.32 
5.52 
8.55 
5.28 
5.69 
2.78 
2.40 
3.17 
8.97 
5.17 
3.03 
0.29 
1.47 


8.93 
1.50 
0.78 
4.30 
3.99 
1.80 
2.22 
1.96 
1.61 
2.60 
4.11 
2.05 
0.06! 
1.49 


6.49 
1.51 
3.36 
6.59 
4.43 
4.49 
2.54 
2.31 
1.67 
4.72 
4.71 
2.90 
0.12 
1.42 


13.34 


10.76 


6.61 
1.39 
0.86 
1.68 
0.85 
1.33 
0.85 
0.28? 
0.74 
0.74 
2.87 
0.51” 
0.21 
0.395 


8.12 
1.05 
0.50 
1.65 
2.41 
1.31 
0.46 
0.34 
0.384 
0.50° 
2.33 
0.56 
0.13 
0.41 


2.77 
3.80 
4.44 
3.70 
3.06 
9.05 
0.58 
1.88 
3.85 
8.53 
2.11 
1.23 
1.32 


1.95 
2.91 
2.36 
1.68 
2.41 
8.18 
0.30 
1.77 
2.34 
4.81 
1.42 
0.79 
1.15 


4.04 
4.17 
7.13 
8.36 
4.41 


3.08 
3.96 
6.87 
6.02 
3.28 
12.57 
0.93 
2.20 
3.93 
9.93 
2.94 
2.09 
1.11 
0.64 


2.43 
3.04 
4.17 


5.56 
2.94 
1.12 
1.24 


0.06 
0.90 


* Drought order is indicated by the superscript numerals at appropriate figures, as follows: 1, 0.06 in.; 2, 0.28 
in.; 3, 0.32 in.; 4, 0.38 in.; 5, 0.39 in.; 6, 0.43 in.; 7, 0.44 in.; 8, 046 in.; 9, 0.50 in.; and 10, 0.51 in. 


number, which also indicates the num- 
ber of times runoffs of that amount or 
less have occurred. For example, four 
occurrences (Order 4) in 20 years of 
records would indicate a recurrence 
interval of 20+ 4=5 years. 

The severity of the 1952-56 drought 
is clearly evident from the recurrence 


probably greater than 20 years. In 
Fig. 4, movement of the 6-month point 
for the 1952-56 drought horizontally 
until it intersects the 6-month line indi- 
cates an actual recurrence interval of 
about 250 years, rather than 20 years. 

It is evident that if sufficient data 
were available to develop similar curves 


|_| 
Year 
| 
1.69 | 1.27 | 0.66 . 
9.78 6.44 | 5.36 | 2.09 ; 
7.56 4.27 | 2.99 1.83 
2.47 | 1.94 | 1.26 | 0.468 
1.52 | 5.19 | 5.93 | 2.45 
2.33 1.38 | 1.15 | 0.45 ; 
5.60 5.06 | 4.58 | 0.58 gi) 
1.04 
5.52 1.38 
4.09 0.328 
5.60 2.06 
9.18 2.86 
6.34 1.19 
| 13.14 0.72 
2.60 1.04 
3.45 a 1.04 
4.74 1.24 
| 10.99 | 2.23 
| 1.05 
| 
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for several streams with smaller drain- 
age areas and longer records, these 
could be used to predict with reason- 
able accuracy the minimum total runoff 
that might occur in a given period of 
time. With this information at hand, 
a rational approach could be made in 
the selection of the reservoir volume 
and drainage area required to carry the 
city demand over an extended drought 
of a particular recurrence interval. 
The runoff data for the Thompson 
River are not representative of the 
runoff to be expected from the small 
municipal watersheds, which are gen- 
erally less than 20 sq mi. These small 
watersheds may produce zero runoff 
for periods in excess of 12 months, due 
to locally severe drought conditions. 


Results of Survey 


To determine the extent of and the 
possible reasons for the water supply 
shortages which resulted from the 
1952-56 drought, a questionnaire was 
mailed to all communities with im- 
pounded supplies in Iowa. The results 
of the questionnaire survey are given 
in Table 4. 

One cause of water shortage in many 
states has been the rapid increase in 
population. Although the rate of popu- 
lation increase in southern Iowa is not 
great, the seriousness of the water 
shortages has been compounded by a 
rapid increase in water consumption 
per capita. For example, Bedford and 
Bloomfield, whose populations have re- 
mained nearly constant since 1930, 
have had increases in consumption of 
216 per cent and 208 per cent respec- 
tively. In general, the per capita con- 
sumption for all towns studied is still 
below the current average for the whole 
country. 

Before considering the number and 
extent of inadequacies of impounded 
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water supplies, it was necessary to de- 
fine the basis upon which these critical 
water supplies should be judged. A 
supply was considered to be inadequate 
only if more elaborate measures were 
undertaken than the restriction of 
water use which would normally be 
exercised by a community faced with 
a water shortage. A supply was con- 
sidered to be inadequate only if it was 
necessary to supplement the impounded 
water supply source to maintain the 
health and sanitation of the commu- 
nity. The supplementary water supply 
sources varied, depending both upon 
their availability and the local severity 
of the drought. Some communities had 
deep wells or had drilled new wells 
which were used in the emergency pe- 
riod. Other communities not so fortu- 
nate were forced to haul water by train 
or tank truck from other sources. Of 
the 21 communities surveyed, eleven 
had inadequate supplies at some time 
during the 1952-56 drought. 

In addition, five communities had 
periods in which the supply was lim- 
ited—that is, requiring only the re- 
striction of use normally exercised 
during a water shortage. 

The basic cause of water supply in- 
adequacy was the extended period of 
below-normal precipitation. If the im- 
pounded supplies had been adequately 
designed to carry the communities over 
a drought of this severity, however, 
there should have been fewer shortages. 
A study of Table 4 illustrates the im- 
portant reasons for shortages, stem- 
ming from increased consumption or 
inadequate reservoir volumes or water- 
shed areas. 

Communities which had inadequate 
supplies generally were those with the 
greatest increase in consumption after 
construction of the reservoir facilities. 
Those with limited supplies were also 
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characterized by increased consump- consumption change information . is 
tion, and those with adequate supplies summarized in Table 5. 

were characterized by decreased or only Although the data are not complete 
slightly increased consumption. The enough to draw quantitative conclu- 


TABLE 5 
Summary of Factors Affecting Water Supply Adequacy 


2 3 4 5 


Watershed Reservoir Volume 
Change 

in Consump- 

tion Percentage , Percentage 

per cent of Kansas of Kansas 

Standards* 8 Standards* 


Inadequate Supplies 


Afton 0.2 
Albia 0.2 
Bedford 2.0 
Centerville 0.3 
Fairfield 
Lamoni 
Osceola 
Seymour 
Tabor 
Winterset 
Greenfield 


Average 


Limited Supplies 


Bloomfield 0.5 
Corning 1.3 
Corydon 1.0 
Humeston 0.9 
Lenox 0.7 


Average 0.9 


Adequate Supplies 


Allerton ‘ 189 173 362 
Chariton : 46 128 172 
Creston ; 58 189 247 
Mt. Ayr 69 121 190 
Montezuma ‘ 65 120 185 


Average 85 209 147 232 
Average omitting 
Allerton 1.6 62 198 139 201 


* As recommended by Rosebraugh (/). Communities with a total of 170 per cent of the Kansas recommenda- 
tions had adequate supplies. 


j “| Total of 

: 7 75 53 60 

7 77 54 61 

: 77 125 88 165 

: 12 97 68 80 

15 67 47 62 

; 8 19 13 21 

‘ 115 73 51 166 

: 12 25 18 30 

bs 62 5 3 65 

: 108 66 47 155 

: 12 40 28 40 

. | | +112 | 1.0 39 61 43 82 

: 19 119 84 103 

: 50 119 84 134 

39 37 26 65 

: 35 60 42 77 

: 27 150 105 132 

34 97 68 102 
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sions, a study of Table 5 indicates that 
a lack of adequate reservoir volume, or 
a lack of sufficient watershed area, or 
both, may result in inadequate supply. 
A shallow reservoir will increase evap- 
oration loss and cause failure of a sys- 
tem which might be adequate in all 
other respects. A weakness in Iowa 
impounding reservoirs is their shallow 
depth. This results in very high evap- 
oration losses in the hot, dry, summer 
drought periods. 

To obtain an indication of the ade- 
quacy of the reservoirs on these two 
points, those in Iowa were compared 
with the minimum standards recom- 
mended for Kansas (1). The adjusted 
minimum drainage area and reservoir 
volume as recommended for Kansas 
were found to be 2.6 acres per capita 
and 142,000 gal per capita respectively, 
for an average rainfall of 35 in. in Lowa. 
Table 5 indicates that none of the com- 
munities with inadequate supplies had 
adequate reservoir volume and drain- 
age area based on the recommended 
minimum standards. Most of those 
with inadequate supplies were low in 
both watershed area and reservoir vol- 
ume. Some were adequate in one value 
but low in the other. None of those 
with limited supplies satisfied both 
criteria. 

It would appear that reservoir vol- 
ume is the more important of the 
two criteria. Osceola and Winterset, 
which satisfied watershed area _ re- 
quirements but did not satisfy reser- 
voir volume requirements, had inade- 
quate supplies. On the other hand, 
four of the five communities with ade- 
quate supplies had inadequate water- 
shed areas, but had reservoir volumes 
considerably above those of the Kansas 
requirements. 

Southern Iowa is gently rolling and 
does not lend itself to ideal impounded 
reservoir sites. Desirable characteris- 
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tics for the reservoir, such as a narrow 
neck to reduce the dam length and 
steep side slopes to minimize surface 
area and increase average depth, are 
seldom available. An otherwise suit- 
able reservoir site often cannot be used 
because of an inadequate drainage area. 


Conclusions 


A qualitative survey of the 1952-56 
drought has been presented along with 
an evaluation of the effects of this 
drought. The following conclusions 
may be drawn. 

1. The 1952-56 drought was the 
most severe drought on record in 
southern Iowa. 

2. This drought resulted in the long- 
est period of low runoff on record for 
the Thompson River drainage basin 
above Davis City, Iowa. As an ex- 
ample of the drought severity, in one 
6-month period during the drought, the 
total runoff was only 0.06 inch. The 
recurrence interval for such a 6-month 
period is predicted to be about 250 
years. 

3. The need for more hydrologic 
data is further emphasized, particularly 
runoff data for small watersheds. 
Such data, if available, would lead to 
more concrete quantitative recommen- 
dations of design for future reservoirs. 

4. From an evaluation of existing 
supplies to determine whether they 
meet the suggested minimum Kansas 
requirements (1), it was found: that 
no supply which satisfied both of the 
requirements was inadequate; that 
most supplies which were very high in 
reservoir volume per capita but some- 
what low in watershed area were 
adequate; and that all supplies which 
did not satisfy either of the require- 
ments were either limited, requiring 
restrictions, or inadequate, requiring 
supplementation. 
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It therefore seems plausible that the 
requirements could be used as a basis 
of design for Iowa impounded supplies. 
These requirements for an area in 
Iowa with an average annual rainfall 
of 35 in. are: 142,000 gal reservoir vol- 
ume per capita, and 2.6 acres of water- 
shed per capita. Provision of an ex- 
cess reservoir volume will offset a 
watershed area which does not com- 
pletely satisfy this requirement. 
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Selection of Meters and Services 


Panel Discussion 


A panel discussion presented on Mar. 19, 1957, at the Southeastern 


Section Meeting, Charleston, S.C. 


Harry J. Siebert 


Sales Engr., Neptune Meter Co., Rich- 
mond, Va. 


ELECTION of the proper meter 

size is one of the most complicated 
and difficult tasks which confront water 
works operators, many of whom are 
finding that what was good enough in 
grandfather’s time is not good enough 
today. The selection of the proper 
type meter is relatively easy, but deter- 
mination of the proper size requires 
careful calculation together with ex- 
perience and practical knowledge. 


Service Line Size 


The whole problem of service and 
meter sizes, according to some water- 
works operators, is caused directly by 
the inadequate size of the service line. 
In recent years there has been a recog- 
nition of this, and operators have 
tended to install larger services—par- 
ticularly for commercial and industrial 
accounts. Changing consumer demand 
plus the high cost of replacing services 
have furthered this trend. 

James G. Carns Jr. (1) of the Amer- 
ican Water Works Service Company 
has said that the trend toward larger 
service lines is a very sensible approach 
for water works operators to adopt. 
He gives three reasons for such a pro- 
cedure: [1] The number of large serv- 
ice installations is very small compared 
to the total number. [2] The cost to 
replace even a few inadequate services 


is out of all proportion to the cost of 
installing larger ones initially. [3] 
With adequate service size better water 
measurement can be obtained by selec- 
tion of a suitable meter particularly 
when provision is made in the original 
installation for removing, repairing, 
and testing of meters. The wisdom of 
such installations is shown by the ex- 
ample of one building in which metered 
results showed two or three times the 
rate of demand shown in a similar one 
of the same size and with the same type 
of tenant. Office buildings, in particu- 
lar, often show such a variation in 
demand. 

Because of estimates and assump- 
tions involved in determining sizes, 
there has been considerable divergence 
of opinion on this question. The diver- 
gence is increased by the lack of knowl- 
edge of the probable maximum de- 
mand of various types of establishments. 

Even when data are available, good 
judgment requires that a margin of 
safety be provided for business expan- 
sion, technological changes, and similar 
contingencies. As far as meters are 
concerned, most water works operators 
realize that the best meter installation 
is the smallest one of proper design 
which can handle the range and fre- 
quency of change of flow rates experi- 
enced. This is particularly true because 
low-flow accuracy is relatively better in 
small-size displacement meters. The 
size depends largely upon the expenda- 
ble pressure available and may be deter- 
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mined by learning the maximum de- 
mand and permissible pressure loss, 
and by referring to a capacity curve of 
the meter to be used. 


Selection of the Meter 


The selection of the proper water 
meter size, therefore, depends on a 
variety of factors and is not a simple 
problem. Many intangibles are in- 
volved in this phase of operation ; local 
conditions of all kinds are factors and, 
in recent years, the problem has become 
further complicated by the increased 
use of water-consuming appliances in- 
cluding air-conditioning systems and 
flushometer fixtures. 

Inadequacy of supply or insufficient 
residual pressure are generally blamed 
—without justification—on the size of 
the meter. According to some water 


works operators, such difficulties arise 
from the length and condition of the 


service line. Because of varying con- 
ditions to be found in each installation, 
it is virtually impossible to lay down a 
universal rule for determining the size 
of the service connection and meter. 
In addition to the length of the service 
connection, other factors such as pres- 
sure and the size and extent of the cus- 
tomer’s plumbing enter the picture. 
Still others are the size of the shut-off 
valve and the number of fixtures. 
These elements have been used by vari- 
ous cities in developing elaborate meth- 
ods of determining the size of house 
pipe and service connections. 

The literature of water works opera- 
tions shows that in normal times indus- 
trial installations take 30-50 per cent 
or more of all water sold by an aver- 
age system. Even if the differential in 
rates is considered, the percentage of 
revenue coming into the system from 
these large meter installations is sub- 
stantial. The procedure for determin- 
ing the most suitable size of large 
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meter is the same as for those of 1 ft 
or smaller. The maximum require- 
ments of the customer and the rating 
of the manufacturer will give an indi- 
cation of the proper size. 

Usually, it is better to use a meter 
slightly smaller than the size of pipe 
supplying it. This practice is in line 
with the objective of securing the most 
accurate measure possible. 

Use of the proper size meter is espe- 
cially vital in apartment buildings and 
other multiple dwellings where only 
one meter is used. There, lack of a 
direct charge for water use tends to 
increase the per capita consumption. 

It is not uncommon to encounter de- 
mands for large-size meters by archi- 
tects and engineers in the design of 
large buildings. Although the demands 
seem somewhat exaggerated, they gen- 
erally represent good design because 
they consider: [1] adequacy of distri- 
bution piping; [2] available pressure 
in main at service locations ; [3] service 
line friction losses; [4] meter friction 
loss; [5] rate of water use; [6] house 
piping and fixture friction losses; and 
[7] height from main te highest water 
outlet. Such design is probably the 
result of the use of handbooks on hy- 
draulics such as those published by the 
National Bureau of Standards and the 
Copper and Brass Research Associ- 
ation, plus experience, and considera- 
tion of growth factor. Often, one must 
accede to the architects and engineers 
by putting in a meter which it is felt, 
is too large for the particular service. 
Such situations should be subject to 
review at a later date and sufficient 
flexibility in meter installation should 
be provided to permit the size, type, 
and number of meters to be changed 
with a minimum of expense when 
changed service requirements re- 
quire it. 
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Recording Registers 

To determine whether a meter in 
service is of proper size, a recording 
register mechanism can be attached to 
the meter and data on the maximum 
and average demand rates obtained. 
There are several recording registers 
available, any of which would be a 
worthwhile investment for a water de- 
partment. Their value can be illus- 
trated by some examples from the au- 
thor’s experience. 

A 3-in. compound meter serving a 
small hotel was not performing entirely 
satisfactorily and it was believed that a 
smaller size meter of another type 
would be more suitable. The hotel 
contained 150 rooms, 100 of which 
had complete baths. In addition, there 
were dining facilities and a hotel laun- 
dry. By use of a recording register, 
it was determined that the maximum 
rate of flow on a peak day was only 38 
gpm. This, incidentally, occurred be- 
between 7:00 and 8:00 am. Reference 
to the manufacturer’s loss-of-head 
charts showed that the loss of head at 
this rate of flow for a 3-in. compound 
meter was approximately 6 psi and the 
loss of head for a 2-in. disc meter 
was only 0.5 psi. As a result of this 
study, a 2-in. disc meter was installed 
and both the city and the hotel con- 
cerned received better service from the 
meter. 

D. R. Taylor, general manager of 
the Baton Rouge Water Works Com- 
pany in Louisiana recently stated that 
their four recording registers have been 
found indispensable. He reports that 
about a year ago a check was begun of 
consumption through 425 meters. Of 
the 400 already checked—which in- 
cluded meters from 1.5 in. up—80 have 
been found larger than necessary and 
been replaced with smaller meters. 
More were replaced with 1l-in. meters 
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than any other size. A few 1.5-in. 
meters, however, have even been re- 
placed with 8-in. size. 


Conclusion 


A knowledge of meters and their 
characteristics is essential for the water 
works operator who wants to select the 
best size meter for his specific installa- 
tion. As is well known, a water system 
loses considerable revenue through im- 
proper recording at very low rates of 
flow because this condition is apt to 
prevail during a large part of the day. 

Effectively determining the best size 
for both service and meter contributes 
greatly to securing payment for all the 
water being delivered. In the final 
analysis, it should be kept in mind that 
a larger meter can always be substi- 
tuted if the consumer’s needs require 
it, but it is much more expensive to re- 
place a service. 

Larger services will make it easier 
for the superintendent to fulfill his ob- 
jective of supplying an adequate quan- 
tity of clean pure water to his cus- 
tomers, yet the smallest possible meter 
which will satisfy the demand will, in 
the end, result in the most accurate 
readings for maximum revenue. 
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As more and more water is required 
in modern living, it is becoming most 
important that careful consideration be 
given to the selection of a water meter 
that is the proper size to serve effi- 
ciently and without undue pressure 
loss. Not only must the size of the 
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water meter be considered, but also the 
size of service pipe, fittings, valves, and 
all other equipment that makes up the 
overall service. 


Domestic Services 


In the last few years there has been 
an increasing demand on domestic 
services which has resulted from the in- 
crease in use of water-using fixtures. 
This demand on the domestic service 
will continue to rise. 
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that reasonable rates for various water- 
using fixtures and appliances, are as 
follows: 


Appliance Rate—gpm 
Laundry tub 
Toilet tank 
Kitchen sink 
Bathtub 
Shower 

Lawn sprinkler 
Washbasin 


3 | 


Total 


70 


60 


10 1 


Flow — gpm 
Fig. 1. Head Loss Through Meters 


Curve A is for %-in. meter; B for a 3-in.; and C, a 1-in. 


Washing machines, air-conditioning 
units, dishwashers, garbage grinders, 
sprinklers, and many other devices once 
rare but now quite common in the home 
make the old idea of installing 2-in. or 
& X }-in. meters on all domestic serv- 
ices unsound. 


Demand Rates 


In order to give proper considera- 
tion to the size of the whole service 
assembly the demand rate on domestic 
services must be determined. 

According to data given by Gerald 
E. Arnold (1), it has been determined 


Although some authorities report 
that consumption rates for similar fix- 
tures are considerably higher, it is felt 
that the figures given above are suitable 


for use in this discussion. Some dish- 
washers require 5 gpm with a residual 
pressure of 20 psi to operate satisfac- 
torily; it is understood that new de- 
signs require considerably less than 5 
gpm. Garbage grinders consume 2.5—4 
gpm, depending on the make and model 
and, until recently, air-conditioning 
units of more than 2-ton capacity re- 
quired water-cooling facilities of about 
2 gpm per ton of capacity. Some 
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manufacturers have now designed units 
of 2-ton and more capacity that are air 
cooled, but possibly less efficient than 
water-cooled units. In view of this, 
the eventual effect of the introduction 
of air conditioning into homes is un- 
certain. For the purposes of this arti- 
cle, these figures can be considered : 


Appliance Rate—gpm 
Automatic washer 

Dishwasher 

Garbage grinder 

Air conditioner 


Total 
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(Fig. 1). If loss of head through the 
meter were the only concern, there 
would be practically no problem, and 
it might be concluded that a g-in. meter 
would be satisfactory for nearly all do- 
mestic services. ‘The pressure loss 
through the meter is, however, only one 
of the several factors to be considered, 
because there are losses in the corpora- 
tion stop, service line, curb stop (or 
yoke), and other points. 

If it is assumed that the average 
water service line from main to house 
is 60 ft, then with }-in. copper tubing 


Head Loss — psi 


50 60 


20 30 40 70 80 


Flow — gpm 


Fig. 2. Head Loss Through Full Service Lines 


Curve A represents 60 ft of 3-in. copper tubing; Curve B, a 

3-in. full service line with a §-in. meter; C, a full service line 

with meter horn and old meter; and D, a 1-in. service line 
with a 3-in. meter. 


Adding this 16 gpm to the previ- 
ous 29 gpm total gives 45 gpm. It 
is a remote possibility that all units 
would be used at once, but it is rea- 
sonable to expect any of several com- 
binations of the above units to be used 
at the same time. Such combinations 
would give approximately 15 gpm, and 
therefore, it can be concluded that do- 
mestic demand should be fixed at about 
15 gpm for many of today’s services. 


Loss of Head 


The loss of head through a §-in. 
meter at 15 gpm is only about 4.5 psi 


there will be a loss of about 23 psi 
in that line (Fig. 2). Loss of head 
through 60 ft of full service line—in- 
cluding a corporation stop, curb stop, 
and a new water meter—at 15 gpm is 
shown to be about 38 psi. Loss of 
head when a meter setter and an old 
meter are used in the 60 ft full service 
line is about 47 psi at 15 gpm; with a 
60-ft 1-in. service line and a full 3-in. 
water meter at 15 gpm it is only some 
11 psi. There is generally more loss of 
head in an old unrepaired meter than in 
a new or repaired one. Head loss also 
varies according to type and brand. 
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The loss-of-head curves of Fig. 1 are 
for the split-case type of meter.* 

Figure 1 shows loss of head curves 
for three different sizes of meters— 
g-in., }-in., and 1-in—and the varying 
losses at the different flows. 

It can be seen, then, that in selecting 
the proper size meter for a residence, 
it is almost essential to consider the 
overall service. Obviously, loss of head 
through the overall service is an en- 
tirely different matter from loss of head 
through the meter only. 

Most of the data for the loss-of-head 
curves were obtained with new equip- 
ment and, therefore, it may be logical 
to assume that as the service grows 
older, the head loss will increase to 
some extent. 


Other Factors 


It may be well to consider that there 
is always the good possibility of more 
fixtures being added from time to time, 
thus increasing the demand on a 
service. 

Of course, there are other factors 
to be considered in determining the 
meter size; factors such as adequacy 
of distribution lines, pressure at the 
main, house piping, fixture friction 
losses, and height from main to high- 
est water outlet. 

It is not possible to make precise 
recommendations on the proper size of 
a domestic service, but it does seem that 
for many present-day domestic services, 
it would be most practical to use a full 
l-in. service line with a full #-in. 
meter or, in some cases, a full 1-in. 
meter. Specific circumstances would 
determine the exact size that would be 
practical. 

When 1-in. service lines and fittings 
are used the cost goes up materially. 


* Meter discussed is product of Badger 
Meter Manufacturing Co., Milwaukee, Wis. 
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Even in view of the higher first cost 
involved, it may be more economical 
to install a service of sufficient size 
rather than engage in replacement 
shortly after installation. 
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Accurate metering is very closely 
related to return on investment. All 
the revenue possible from the sale of 
water can be used, and, in these times 
it is more and more necessary to secure 
all the revenue due. To accomplish 
this, all water used by the consumer— 
no more and no less—must be meas- 
ured and billed. Meters are the only 
means of doing this and, therefore, have 
a direct bearing on revenue. With a 
return of 3.3 per cent on investment, 
an inaccuracy of 2 per cent on the slow 
side could mean a loss of 6.3 per cent 
net profit. 


Adequacy 

Up to the present the industry has 
been fortunate in that, for most resi- 
dential services, the §-in. or § X #-in. 
meter on a #-in. service line has been 
adequate. This will be true for some 
types of services for quite some time 
to come, but there is a growing de- 
mand for larger services in many 
modern homes. Larger services do not 
necessarily mean larger meters. On 
residential services the size of the 
meter could and should be one size 
smaller than the service line. The 
head loss through a meter is compara- 
tively small when compared with the 
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total head loss for the service. In fact, 
the length, size, and type of the service 
pipe is the main item of concern in 
head loss in any particular service. 
Generally, the smaller meter wili be 
more accurate on smaller flows. Small 
flows on residential services can be of 
considerable value when it comes to 
profit and loss on residential services. 
The list price on a § X #-in. meter is 
$46 and on a 1-in. meter, $96.50. The 
l-in. meter represents an increase in 
investment of 110 per cent. 


New-Service Routine 


In the past, very little attention has 
been given to the size of water connec- 
tions the customer receives. As a rule, 
a customer will apply for service at the 
business office and inform the clerk that 
he is building and wants a #-in. tap. 
An order is put through and the cus- 
tomer pays the charge. The next time 
he is heard from, “pressure is low,” 
the bill is “too high,” or there are taste 
and odor troubles. If the complaint 
concerns pressure, it will, as a rule, 
end as a combination of troubles. Fur- 
ther investigation will usually show 
that the customer has added more and 
more appliances and the coefficient on 
the service line and house piping has 
changed since its installation. Demand 
has changed from 5 gpm to 10-12 gpm 
and automatic equipment has been in- 
stalled now which allows showering 
while washing dishes, washing clothes, 
or, perhaps, watering the lawn. If the 
original was }-in., then a 1l-in. would 
in all probability correct the trouble. 
At the outset this would have cost 
$30.35 as compared with $21.87 for a 
3-in—based on list prices. After care- 
fully discussing with a customer the 
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number and type of appliances he plans 
to use, he should be advised of the size 
of tap necessary. Advice on the size 
of pipe to use in the house plumbing 
can help give good service, save money, 
and make a satisfied customer. 


Large Services 


Perhaps the kind of service which is 
most consistently oversized or over- 
metered is the large ccommercial or 
industrial one. The tendency is to 
undersize the residential and oversize 
the commercial service. Recording 
registers can be used to check the de- 
mand of all larger installations in order 
to determine whether or not meter size 
can be reduced. There can be con- 
siderable savings in initial capital outlay 
if a 1.5-in. meter, for instance, can be 
installed instead of a 3-in. service. In 
most situations, such commercial me- 
ters have been called for by architects 
who specify the same size meter as the 
service line which they have computed 
for the particular installation. What 
water works operators need from the 
architect or his customer is data on the 
amount of water that will be required 
at any one time—that is, demand and 
the customers’ honest appraisal of fu- 
ture needs. From such information 
the meter size can be intelligently pre- 
scribed and the service line size neces- 
sary to render long and adequate serv- 
ice to any customer computed. Others 
have found that as much as 25 per cent 
more will be registered when the larger 
meter (3-in. and larger) is replaced 
with a smaller one, commensurate with 
the demand. Special attention should 
be given to apartment dwellings, hotels, 
and schools. 
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Meeting Greater Demands With Larger Pipe 


A. M. Friend 


A paper presented on Sep. 18, 1957, at the Ohio Section Meeting, Cin- 
cinnati, Ohio, by A. M. Friend, Cons. Engr., R. L. Woolpert Co., 


Dayton, Ohio. 


INCE the end of World War II, 

the state of Ohio as well as the 
rest of the country has participated in 
a construction program unparalleled in 
its entire history. This program, in- 
cluding all phases of building, is a 
result of many factors. These factors 
include normal increases of population, 
additions and expansion of industry, 
and the trend of movement of people 
from the towns and cities to the sub- 
urban areas, where there is more living 


space for larger and more prosperous 


families (Fig. 1). It is predicted that 
this latter trend will continue at an 
accelereated pace in future years. 

Estimates for the changes in popu- 
lation in the United States indicate an 
increase of 5 per cent in the next 5 
years, a 17 per cent increase in the 
next 10 years and a 36 per cent in- 
crease, or one-third more people, in the 
next 20 years. These increases will 
require similar expansion of all related 
facilities. None of these increases can 
be supported without a safe and de- 
pendable water supply; therefore, the 
owner of a water utility, be it public 
or private, must plan not only for the 
forseeable problems, but also for future 
requirements. 

The water utility consists of the 
source of supply and the treatment, 
pumping, storage, and transmission 
and distribution systems. The trans- 
mission and distribution system com- 


prises the largest single item and the 
most costly one of the utility. The 
network of pipes is underground and 
out of sight, and this may be the reason 
that, in many cases, the same care is 
not exercised in an understanding of 
all of the items to be considered in the 
selection of the sizes of pipes that actu- 
ally carry the water to the consumer 
as in the selection of pumps, size of 
treatment units, and amounts of stor- 
ages. These considerations are, in ef- 
fect, the most important, as it is more 
difficult and expensive to increase the 
capacity of the transmission and distri- 
bution systems after they are once in- 
stalled than the other integral parts of 
the utility. 

The capacity of the transmission and 
distribution system, or the size of the 
important main lines in the system, is 
based upon hydraulic and economic 
considerations. The system should 
contain enough capacity to provide 
adequate service during periods of 
peak demand to all consumers; also, 
the cost and operation of the system 
should be within the available means 
of financing. A careful review of both 
of these considerations in respect to 
their close relationship is required 
before final selection of size of the 
trunk water main is made, to deter- 
mine the most effective and economical 
pipe size for the system. 
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Hydraulic Considerations 


The selection of pipe sizes for the 
distribution network requires careful 
calculation, coupled with experience 
and practical knowledge. The pipe 
sizes are usually determined after as- 
suming definite limits of pressure drop 
within the system. This variable 
working pressure range can be deter- 
mined from the topography of the 
system, location and elevation of source 
of supply or booster station, and the 
location and elevation of storage within 
the system. 
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also maximum pressures to which a 
system can be subjected and not cause 
damage to services and internal plumb- 
ing. Pressures in excess of 100 psi 
are too high for domestic service. 

The pressure drop during the oper- 
ating cycle is confined to a relatively 
small range with limits on the maxi- 
mum high at the lower end of the sys- 
tem and minimum low in the high por- 
tions of the system. 

The difficulty experienced in placing 
additional load on existing systems has 
been due to insufficient capacity in the 


Fig. 1. Housing Development Near Dayton, Ohio 


This 1,800-home development, outlined in white, is an example of the construction 
that places additional heavy demands on water distribution systems, as more people 
seek to live in suburban areas. 


The allowable pressure drop within 
the system is limited to that required 
to provide adequate service to the most 
remote service or to the consumer at 
the highest elevation on the day of 
maximum demand. A 40-psi water 
pressure can be considered as the 
minimum for adequate service for the 
average resident under the maximum 
conditions. The allowable pressure 
drop may also be governed by residual 
pressures at outlying fire hydrants 
during periods of fire flow. There are 


original systems, which results in high 
friction losses. In many cases more 
capacity could have been installed ini- 
tially at little additional cost. 

Two basic laws concerning flow in 
pipes are: [1] at a constant head the 
capacity of the pipe is proportional to 
the diameter raised to the 2.63 power ; 
and [2] at constant diameter the fric- 
tion head is proportional to the dis- 
charge raised to the 1.85 power. 

The first law is illustrated by com- 
paring the increased capacity with ex- 
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pected discharge through a pipe one 
size larger than specified at the same 
friction head loss and same roughness 
coefficient. For example, if 600 gpm 
is carried in a 6-in. pipe, then 1,270 
gpm will be carried in an 8-in. pipe 
under the same conditions of head loss. 
Likewise, a flow of 800 gpm in an 8-in. 
pipe under the same conditions of head 
loss will produce a 1,440-gpm flow in 
a 10-in. pipe; under the same condi- 
tions, 1,200 gpm in a 10-in. pipe will 
increase to 1,940 gpm in a 12-in. pipe, 
1,600 gpm in 12-in. to 3,390 gpm in 
16 in., 2,000 gpm in 16-in. to 3,600 
gpm in 20-in., and 2,400 gpm in 20-in. 
to 3,880 gpm in 24-in. pipe. There- 
fore, by increasing the size by one pipe 
size, the flow capacity increases 160- 
210 per cent. 

The second law states that in any 

given pipe, if the discharge is doubled, 
the friction loss is 360 per cent that of 
the first condition. For exampie, if 
the loss in a 6-in. pipe with a coefficient 
of 100 is 6.2 ft per 1,000 ft for a dis- 
charge of 200 gpm, it will be 22.1 ft 
per 1,000 ft for a discharge of 400 
gpm. 
If a distribution system is near the 
limits of its allowable range of pressure 
drop during periods of peak demands, 
very few if any additional customers 
can be added without revisions or addi- 
tions to that system. 


Economic Considerations 


There are many factors affecting the 
cost of the construction of a water dis- 
tribution system that are outside the 
actual cost of installing the pipe. 
These include the type and amount of 
surfaced street, sidewalk, curb, and 
lawns to be removed and replaced; 
the type of backfill material, such as 
pea gravel, selected pit-run gravel, or 
sand ; the number of fire hydrants ; and 
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the number and type of interconnec- 
tions between the existing system and 
the new lines if the project consists of 
new trunk mains to support an older 
system. The actual costs of these items 
for pipe sizes 12 in. and less are very 
near the same, and the cost increase for 
these items on larger size mains when 
comparing two pipes, one size apart, is 
very small. 

The installation of a new trunk 
water main through an existing system 
requires many interconnections with 
the existing system. If there are no 
convenient tees and crosses in the 
existing system to receive these con- 
nections, as is the usual situation, addi- 
tions to the existing system are then 
required. The costs of these additions 
to the existing system are independent 
of the size of the new main from which 
they will be supplied. 

Analyses of many bids on water dis- 
tribution projects in the Dayton, Ohio, 
area indicate that the costs not pertain- 
ing directly to the size of water main, 
fittings, and valves approximate 17 per 
cent of the total construction costs. 
This figure is for average conditions 
with bituminous surface-treated streets 
and small sections of curb and gutter. 
This item will increase to more than 
20 per cent of the total cost with better 
street surfaces and base courses. 

The manufacturers of water main 
materials have kept pace with progress, 
and many notable changes have been 
accepted within the last decade. For 
example, they have partially offset the 
rising spiral of labor costs by the intro- 
duction of joints which eliminate the 
more expensive process of pouring and 
calking. The actual material price 
with a mechanical joint is more than 
the bell-and-spigot type of pipe, but 
the cost of assembling the pipe reduces 
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the labor cost so that the overall cost 
of the complete installation is less. 

New rubber seal joints have recently 
been introduced, and they have already 
proved effective. The material cost of 
pipe with this type of joint is some 5-7 
per cent less than the mechanical joint, 
and less labor is required in making 
up the pipe. Recent bids utilizing this 
material have already reflected a re- 
duction in the installed pipe cost. 

The adoption of the AWWA method 
of design for cast-iron water mains 
using more realistic criteria has re- 
sulted in the savings in the amount of 
metal in pipe in sizes of 8-20 in. This 
saving results in a reduction in mate- 
rial and handling cost. 

These material improvements com- 
prise much of the reason that the cost 
of installation of water mains has in- 
creased only 8-10 per cent in most 
parts of Ohio since 1951, whereas the 
entire construction cost index for the 
country, as compiled by Engineering 
News-Record at the end of 1956, 
shows an increase of 27 per cent for 
the same period. 

The bids on 22 water projects, all 
received within the last year, were ana- 
lyzed to determine the present cost 
to install water mains in the Dayton— 
Montgomery County area. These 
projects are both in traveled streets 
and upon undeveloped land. They in- 
clude the cost of pipe and fittings and 
excavation and backfill, or excavation 
and removal of excavated material. In 
the latter situation the backfill would 
be paid under an item of gravel trench 
backfill. The prices do not include 
valves or hydrants. The averages of 
the low bids are as follows: $3 per foot 
for 6-in. pipe, $4 for 8-in., $5 for 
10-in., $6.50 for 12-in., $9 for 16-in., 
$12 for 20-in., and $16 per foot for 
24-in. pipe. 
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In the above figures, the 6—12-in. 
sizes are ASA Thickness Class 22 cast 
iron, and the 16—24-in. sizes are of pre- 
stressed concrete. These figures are 
quoted so that the differential in costs 
between the various sizes of pipe may 
be shown. 

For a particular example, a water 
distribution system was recently com- 
pleted in the Northridge Sewer Dis- 
trict for the Montgomery County Com- 
missioners at a construction cost of 
$936,380.88. This is an average proj- 
ect, which covers most phases of distri- 
bution construction. The project con- 
sisted of 0.5 mile of 24-in., some 16-in., 
5.6 miles of 12-in., 4.1 miles of 10-in., 
2.0 miles of 8-in., and 22 miles of 6-in. 
pipe. The actual cost of furnishing 
and installing the cast-iron water 
mains, including valves and fittings but 
not hydrants, was the following: $3.31 
per foot for 6-in. pipe, $4.07 for 8-in., 
$5.13 for 10-in., and $6.80 for 12-in. 
pipe. 

The cost on this particular project 
pertaining only to the water mains and 
valves was $778,647, or 83 per cent of 
the total. The remaining $157,700 of 
the construction cost was for other 
items of work which would be required 
in any case, regardless of whether sev- 
eral of the water mains were changed 
one size on the design of the system. 

It is interesting to note from the 
above figures the results of changing 
the design of this system. For in- 
stance, if all the 12-in. mains had been 
reduced to 10-in. mains, the construc- 
tion cost of the project would have 
been reduced by $49,710. This ap- 
pears to be a large figure, but on a 
project of this size the reduction in 
construction cost would be but 5.3 per 
cent. Under these conditions, how- 
ever, the capacity of the main loop 
within the system would have been 
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reduced by one-third, with a resulting 
increase in power cost for the pumping 
stations. A more reasonable analysis 
would be the effect of changing only 
sections of the 12-in. main to 10-in. 
pipe. This cost would be $8,810 per 
mile, or less than 1 per cent of the 
construction cost of the project. Simi- 
lar comparison can be made on the 
other sizes of water main, showing 
that a decrease in size of mains in some 
sections of the project will decrease 
the total cost of the project by only a 
small percentage. 


Future Planning 


The water utility planner must in- 
vestigate different designs for a water 
distribution project, whether the proj- 
ect is a complete system in itself or a 
simple one-line extension that will be 


integrated into the system at a later 


date. It is possible to provide addi- 
tional capacity to a system by installing 
larger mains on routes which are not 
presently served with water and still 
intersect the existing grid of water 
mains at enough points to support the 
interior system. It is poor economy, 
on the other hand, to parallel existing 
water lines in surfaced streets to pro- 
vide this additional capacity, as some 
15-20 per cent of the cost is dupli- 
cated in the initial installation. This 
amount of money could have financed 
some increased pipe sizes on the first 
project. 

Some duplication of facilities is re- 
quired, due to important changes in 
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the land use of the area. Others are 
required when physical relocations are 
necessary as the result of highway con- 
struction. The highway program in 
Ohio is affecting many water systems, 
and the construction cost of this type 
of work is large, particularly if the new 
highway is depressed. Much of the 
cost is due to special construction and 
the requirement that the old line must 
remain in service while the new line 
is installed. In this type of work, the 
actual pipe cost can be increased with- 
out adding too much proportionally 
to the total cost, as the other costs are 
so high. It is of importance to have 
mains of sufficient capacity in these 
locations, as any future revisions would 
be very costly. 

The means that are available to 
finance all of the extensions or im- 
provements to a water system that may 
be desirable are sometimes limited. It 
is the duty of the utility planner to see 
that the available funds are expended 
in such manner that the system re- 
ceives the most possible benefit. By 
increasing some of the water lines one 
pipe size, capacity can be increased by 
a percentage far in excess of the costs 
of such changes. 

A substantial distribution system is 
a large part of the water utility that 
is necessary to provide an adequate 
supply of water and fire protection at 
all times to the consumers. An ade- 
quate system is not only desirable but 
necessary, so that the owners and 
operators of water utilities can keep 
pace with the country’s total expansion. 


Applications and Standards for 
Asbestos-Cement Pipe 


Philip H. Perkins 


A contribution to the Journal by Philip H. Perkins, Civ. Eng. Con- 


sultant, Nicosia, Cyprus. 


SBESTOS-cement pressure pipe 
has been used for water supply 
work for many years in various parts 
of the world. If the class of pipe is 


properly selected in relation to the op- 
erating conditions, these pipes give 
very satisfactory service. 


Corrosion 


The usual corrosion problems—both 
internal and external—which arise 
with the use of steel and cast-iron pipe 
do not occur with asbestos-cement pipe. 
It is possible, however, that, if there is 
a very high sulfate concentration in 
the ground in which the asbestos- 
cement pipe is laid, sulfate attack may 
occur. External bituminous coating is 
helpful in such situations. In Kuwait * 
on the Persian Gulf, where corrosion 
of steel and cast-iron pipe created a 
very serious problem, asbestos-cement 
pipe was used, with the expectation 
that it would not be affected by sulfate 
attack. Because of the interior smooth- 
ness and resistance to corrosion of the 
pipe, it maintains its initial hydraulic 
characteristics over a long period. 


Types of Joint 


There are two principal types of 
joint used for general water supply 
work with asbestos-cement pipe—a 


* Operating pressures, 30-150 ft of head. 


friction joint.+ and the Gibault-type 
joint. The former consists of an 
asbestos-cement sleeve with rubber 
rings between the sleeve and the pipe. 
It is best assembled by means of a spe- 
cial joint-mounting tool. For large- 
diameter pipe, this tool must be used 
if a satisfactory joint is to be made. 
The latter, which does not require as 
careful assembly as the friction type, 
consists of a steel middle ring with 
rubber rings between it and steel fol- 
lowers. More easily assembled than 
the friction type, it is more expensive 
and, unless precautions are taken, it is 
subject to corrosion of its cast-iron 
portions. 

Other joints are a threaded type for 
2-6-in. diameter pipe,t a monolithic 
one for Class B § pipe up to 6 in. in 
diameter, a flexible lead joint || for pipe 


+The Simplex joint, a product of the 
Johns-Manville Corp., New York, N.Y. It 
consists of an asbestos-cement sleeve which 
fits over the end of the pipe and two rubber 
rings which are compressed between pipe and 
sleeve. 

t Product of Turners Asbestos Cement 
Co., Ltd., Manchester, England. 

§ Classification shown, used in British 
standards, corresponds most nearly to 
AWWA Class 200. (Exact pressures: Class 
B, 172 psi; Class 200, 198 psi.) 

|| Both the monolithic and the flexible lead 
joints are manufactured by Italit Inc., New 
York, N.Y. 
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which conveys liquids and gases which 
may have a deleterious effect on rubber 
jointing rings, and two other ring type 
joints.* 

Specials (such as tees and bends) 
are usually of cast iron and connected 
to asbestos-cement pipe by means of 
Gibault joints. Sluice valves inserted 
in the pipelines are sometimes con- 
nected by the same means, but the best 
practice is to use flanged valves and 
special flanged adaptors to connect the 
valve to the pipeline. End caps are of 
cast iron and should be securely fas- 
tened in position with concrete, and 
all bends and tees should also be se- 
curely anchored by means of concrete 
blocks. 


Precautions in Laying 


When asbestos-cement pipe is laid 
in rocky ground, or ground containing 
a large percentage of stones, it is essen- 
tial that a cushion of sieved earth or 
sand be laid on the bottom of the trench 
to a minimum depth of 4 in. The first 
6 in. of fill around and over the pipe 
should also be of this material to avoid 
having large stones come in contact 
with the pipe. 


Operational Tests 


The hydraulic pressure tests given 
in the various standards mentioned 
below, all refer to the tests carried out 
in the factory. It is obviously essential, 
that the pipe, when laid, be tested to 


* The Ring-Tite coupling, a product of the 
Johns-Manville Corp., consists of an asbestos- 
cement sleeve and two rubber sealing rings 
which, compressed into grooves machined 


into the sleeve, form a flexible joint. The 
Fluid-Tite coupling, a product of the 
Keasbey & Mattison Co., Ambler, Pa., con- 
sists of an asbestos-cement sleeve and two 
rubber rings which are self-energizing under 
pressure and which fit internal grooves in 
the sleeve. 
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such a pressure as to provide an ade- 
quate margin of safety under operating 
conditions. It is left to the design engi- 
neer to decide the test pressure to be 
applied to the completed pipeline. It 
is usual practice for this operational 
test pressure to be 50 per cent above 
the working pressure specified in the 
appropriate standard. For example, if 
the engineer is working according to 
the specifications of British Standard 
486, a Class B pipeline would be tested 
to 300 ft of head (130 psi)—that is, 
200 ft of head working pressure plus 
50 per cent. 

When carrying out an operational 
test, the pipe should be filled with 
water for at least 24 hr before the pres- 
sure test is started; the pressure 
should then be slowly and steadily ap- 
plied until the specified test pressure is 
reached. The period of test under 
maximum pressure should not exceed 
30 min. Operational pressure tests 
are usually carried out on lengths not 
exceeding 500 m (1,600 ft). 

A further test which should be ap- 
plied to long pipelines is a leakage test, 
usually applied to the completed pipe- 
line. It is customary to specify the 
maximum loss of water which is per- 
mitted under the working pressure per 
inch of diameter per mile per test pe- 
riod of 24 hr. 

A typical specification for carrying 
out operational pressure and leakage 
tests on new pipelines is shown in the 
appendix. 


Liability for Damage 

Probably the chief disadvantage in 
the use of asbestos-cement pipe is its 
liability to damage when subjected to 
rough handling. Where the pipe must 
be shipped to its destination and where 
handling conditions are likely to be 
severe, special precautions must be 
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taken to protect the pipe—particularly 
the ends. If the pipelines concerned 
are important ones, it is advisable that 
pipe should be specified at least one 
grade higher than that which would 
be required by hydraulic considerations 
alone. 

In Kuwait long lengths of 18-, 16-, 
and 12-in. diarmeter Class B asbestos- 
cement pipe made to continental stand- 
ard thicknesses were laid between 1952 
and 1955. Considerable difficulties 
were experienced in testing these pipe- 
lines to the required specification—50 
per cent above the working pressure, 
or 130 psi. The matter was very care- 
fully investigated by the consultants, 
the state water department, and the 
manufacturers of the pipe and there 
seemed to be very little doubt that the 
pipe had suffered severe damage from 
very rough handling received when it 
was landed at Kuwait. This damage 
was often quite undetectable until the 
pipe had been laid and the line tested. 
There were occasions when pipe previ- 
ously tested to 60 psi failed on a subse- 
quent test of 50 psi. Subsequent or- 
ders for pipe specified a wall thickness 
corresponding to that laid down in 
South African Standard 286 (1951). 
Table 1 shows comparative wall thick- 
nesses for which pipe conforms to vari- 
ous standards. 


Standards 


In the United Kingdom, British 
Standard 486 (1933), dealing with 
asbestos-cement pressure pipe, pro- 
vided for four classes of pipe—namely, 
Classes A, B, C, and D. These classes 
correspond to the following specified 
factory test pressures: Class A, 200 ft 
of head; Class B, 400 ft of head; Class 
C, 600 ft of head; and Class D, 800 ft 
of head. It was further specified that 
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the working pressure should not exceed 
half the respective test pressure. 

This standard has just been revised 
and is now British Standard 486 
(1956). The general requirements in 
the latest revision follow very closely 
the original specification. The impor- 
tant changes are: 

1. In Table 1, the pipe thicknesses 
have been reduced. 

2. The tables of classification of di- 
mensions and tolerances have been 
duplicated, with the second series pro- 
viding metric equivalents. 

3. The test requirements have been 
increased and an additional appendix 
sets out precautions recommended for 
the fixing of ferrules. 

In the United States there is Federal 
Specification SS-P-35la, dated Oct. 
7, 1953, and the tentative standard is- 
sued by the AWWA (1) dealing with 
asbestos-cement pipe intended to be 
used in water distribution systems. 

The federal specification divides the 
pipe into three classes: 100, 150, and 
200, corresponding to working pres- 
sures of 100 psi (230 ft of head), 150 
psi (350 ft of head), and 200 psi (460 
ft of head). The factory test pressures 
are: Class 100, 800 ft of head; Class 
150, 1,200 ft of head; and Class 200, 
1,600 ft of head. The specification also 
lays down requirements controlling the 
permissible variations in thickness, 
length, and diameter. There is no re- 
quirement regarding minimum thick- 
ness of pipe walls and this is apparently 
left to the manufacturers to decide. 
The AWWA Standard follows the 
same general lines as the federal speci- 
fication, and the classification and test 
pressures are identical. 

In South Africa, Standard 286 
(1951) applies to asbestos-cement pipe 
and is more closely allied to the Brit- 
ish standard than the American and 
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continental standards. The minimum 
wall thickness of the pipes is specified. 
In general, these are intermediate be- 
tween British Standard 486 (1933) 
and the continental standard referred 
to below. 

On the continent, asbestos-cement 
pipe is generally manufactured to a 
standard prepared by the International 
Standard Organization. This standard 
divides the pipe into two classifications 
—A and B. Classification A, which is 
usually adopted for water supply work, 
is subdivided into four classes corre- 
sponding to those in British Standard 
486—that is, Classes A, B, C, and D. 
The continental standard also states 
that the working pressures shall not 
be greater than half the hydrostatic 
factory test pressure applicable to any 
particular class of pipe. The thickness 
of pipe walls is not specified, reference 
being made to the thicknesses estab- 
lished by the manufacturers. Provi- 
sions are included, however, for con- 
trolling variations in wall thickness, 
diameter, and length. 


Pipe Wall Thickness 


As stated above, two standards— 
British Standard 486 and South Afri- 
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can Standard 286 (1951)—give the 
minimum thickness of the walls of pipe 
of various diameters and classes. This 
controlling clause is not included in 
the American standard nor in the con- 
tinental standard. It should be noted, 
however, that the factory test pres- 
sures and the working pressures re- 
ferred to in the United States stand- 
ards are considerably higher than those 
required by the British, South African, 
and continental standards. 

Probably the most controversial 
point regarding the use of asbestos- 
cement pipe is that of the thickness of 
the pipe wall. There is considerable 
divergence of opinion among engineers 
as to whether a standard should specify 
minimum thickness or not, and whether 
the extra thickness required by the 
British standard over that provided by 
continental manufacturers is justified 
or not. In the author’s opinion, the 
extra thickness is justified only where 
handling conditions are likely to be 
particularly severe. 


Reference 


1. Tentative AWWA Standard for Asbestos- 
Cement Water Pipe—AWWA C400. 
Am. Wtr. Wks. Assn., New York 
(1953). 


Requirements for Testing Installed Asbestos-Cement Pipe 
(Author’s Requirements) 


Completion of Main-Laying Work 


The section of main to be tested shall 
be completed before the tests are carried 
out—that is, all sluice valves, air valves, 
washout valves, and branch connections 
must be installed. Thrust blocks and any 
holding down anchorages must be com- 
pleted. Air cocks (#-in. diameter) should 
be placed on each side of any main sluice 
valve (10-in. size or larger) and used to 
release air before and after testing. 


Testing of Mains 


Mains shall be carefully tested and test 
pressures applied in the manner and to 
the limits described below. 


a. Hydraulic Pressure Test 


The main shall be filled with water and 
slight pressure applied. This must then 
be left for a minimum of 24 hr. During 
hot weather the period should be not less 
than 48 hr. After this any loss of water 
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will be made good and the actual pressure 
test started. The pressure shall be stead- 
ily applied until the specified operational 
test pressure is reached. The test pump 
must then be removed. After 30 min, 
the pressure in the main shall be again 
measured and the drop in pressure during 
this 30-min period must not exceed 10 
per cent of the original test pressure. 
The operational test pressure to be ap- 
plied shall be as follows for the various 
classes of pipe stated: 


Operational Test 
Pressure (Working 
Pressure Plus 50 
per cent) 


Working Pressure 
(Half the Factory 
Test Pressure) 


300 
450 


600 


200 87 
300 


400 


b. Leakage Test 


This test will be applied in addition to 
the hydraulic pressure test described 
above for pipelines which exceed 1,000 m 
(3,300 ft) in length. It shall be applied 
to the whole of a completed pipeline and 
shall be carried out as follows: The main 
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shall be filled with water and slight pres- 
sure applied. This should then be left 
for a minimum of 48 hr. After this, any 
loss of water will be made good and pres- 
sure steadily applied until the working 
pressure as specified above is obtained. 
The test pump shall then be removed and 
the main left for 24 hr. After this period 
the quantity of water which has to be 
pumped into the main in order to regain 
the original pressure shall be measured, 
and this quantity shall not exceed 40 
gal/in. of internal diameter per mile. 


Inspection and Test Report 


Careful inspection shall be made during 
any test to observe any movement, seep- 
age, or damage. A comprehensive test 
report shall be prepared for each test. 


Chlorination of Mains 


As directed by the engineer, the mains 
shall be chlorinated as follows: All test 
water shall be run off and the main thor- 
oughly washed out. Highly chlorinated 
water shall then be pumped in and kept 
in the main for 24 hr. The free-chlorine 
content of the water at the end of this 
period must be not less than 1 ppm. 
After satisfactory completion of the chlo- 
rination, the mains shall be considered 
fit for final commission. 
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Improvements in Lime Handling, Feeding, and 
Slaking at Lansing, Mich. 


John F. Dye 


A paper presented on Sep. 26, 1957, at the Michigan Section Meeting, 
Detroit, Mich., by John F. Dye, Plant Engr., Water Conditioning 
Plant, Board of Water & Light, Lansing, Mich. 


IME has been made and used by 
mankind for a good many hun- 
dreds of years as a building material 
and as a basic chemical for the manu- 
facture of many other materials. 


Only in the last 40-50 years, however, 
has it been found necessary to produce 
large amounts of lime of constant high 
purity and to develop means of han- 
dling it in such a way that this purity 
is protected and preserved. The han- 
dling and conveying of chemicals and 


other materials has developed until it is 
a very important branch of engineering. 

Lime for softening water can be 
used in the form of calcium oxide, or 
quicklime, or in the form of calcium 
hydroxide, or hydrated lime. The 
smaller industrial types of lime-soda 
softeners, as a rule, use hydrated lime, 
but the greater proportion of municipal 
lime-soda softeners use quicklime, and 
it is used in such quantities that it is 
usually purchased and shipped in bulk. 
Twenty years ago this lime was 
shipped in boxcars equipped with 
grain boards at the doors to prevent 
loss. Today a shipment of quicklime 
in a boxcar is a rarity, covered cement 
hoppers of 45-50-tons capacity being 
almost universally used for this pur- 
pose, because of the protection they 
provide for the lime and the ease with 
which they can be unloaded. In a few 
places, such as Ann Arbor, Mich., 
where there is no railroad siding at the 


softening plant, container cars have 
been used, the containers being trucked 
to the plant for unloading. 

Conveying the lime from the car or 
container is now no problem. In some 
of the older plants the lime is dis- 
charged from the hopper car to a 
bucket conveyor system which carries 
it to the bins. In most modern plants 
built in the last 25 years, however, 
the pneumatic conveyor is preferred. 
There the lime is discharged into an 
air stream which carries it to a large, 
coned-bottom separating tank. The 
air is drawn by a blower through cloth 
filter bags in the separating tank to 
remove the dust and then discharged 
to the atmosphere. The lime is fed 
from the bottom of the tank by a rotary 
valve to a screw conveyor which, in 
turn, carries it to the proper bin. In 
the Lansing, Mich., plant, where con- 
veyor equipment was installed in 1939, 
there are six lime bins, six soda ash 
bins, and two alum bins. Motor- 
operated valves or gates, with controls 
located on the operating floor of the 
plant and also in the room on the same 
level as the top of the bins, allow the 
operator to select the bin into which 
the chemical is to be discharged. 


Handling Equipment 


In many plants it would be advan- 
tageous to be able to transfer lime 
from one bin to another. At Lansing, 
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three of the six lime bins are located 
above the three feeders in the original 
plant. The two flocculator and clari- 
fying basins for which these feeders 
were installed are now used as sec- 
ondary basins where no lime is re- 
quired. When the new primary basins 
were placed in service in 1949, the bins 
above the older feeders were full of 
lime. Shortly after this, to make this 
lime available, plans were made to in- 
stall a 6-in. manifold, extending from 
the suction line to the separating tank 
over the bins, with a stub lateral for 
each of the three old bins. Flexible 
metal hose was to be attached to the 
lateral above one of the bins so that 
the lime could be pulled up out of the 
bin to the separating tank and con- 
veyed out to any one of the bins above 
the new feeders. 

Work was already started on this 
when a railroad strike occurred, and 
no lime could be shipped. One of the 
new lime bins was empty and the other 
two were dangerously low when the 
installation of the transfer system was 
completed and then tried out. The 
system worked, and it was gratifying 
suddenly to have another 450 tons of 
lime on hand. 

Bins for storage should be located 
directly above the lime feeders. Han- 
dling of pebble quicklime develops a 
fairly large amount of fines, which 
cause the lime to hang up in the cor- 
ners at the junction of the vertical 
sides and the slanting bottoms of the 
hoppers. The sides of the hopper bot- 
toms should be at an angle of not less 
than 60 deg with the horizontal. If 
they are much flatter, the result is that 
an appreciable amount of the lime 
shown on the plant inventory is not 
available for use without a lot of dis- 
agreeable labor. 
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Advantages of Hydrated Lime 


As mentioned above, lime can be 
used in water plants in the form of 
quicklime or in the form of hydrated 
lime. The latter form is sometimes 
used for pH adjustment when an in- 
crease in hardness is not objectionable, 
and, as a rule, industrial lime-soda ash 
softeners use hydrated lime. Since the 
amounts used are smaller than for 
municipal water softening, the fact that 
it stores better than quicklime is an 
advantage, allowing the lime to be pur- 
chased in carload lots, even though this 
amount may be sufficient for 6 months 
to 1 year. Although hydrated lime is 
safer to handle than quicklime because 
its affinity for water has been satisfied, 
nevertheless, it is a highly alkaline 
material, and dust masks must always 
be worn by operators when filling 
hoppers or making up a new batch of 
slurry. 

Another advantage in using hy- 
drated lime is that it does not require 
slaking. It may be fed from a dry 
feeder into a mixing tank or it can be 
made up as a slurry, which is pumped 
at a rate proportional to the flow of 
the water being treated. When used 
for pH adjustment, automatic pH con- 
trol is available, eliminating manual 
changing of the feed rate. Altogether, 
hydrated lime has its place in the water 
treatment industry, and the feeding of 
this material need no longer be the hit- 
or-miss proposition described by Lord- 
ley (1) in 1945. 

Most municipal lime-soda ash sof- 
teners use quicklime because of its 
lower cost. Usually it is shipped in 
bulk and stored in bins above the feed- 
ers, so that it can be fed directly to 
the weighing device. As a rule, rotary 
kiln pebble lime is preferred over shaft 
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kiln lime, because of its uniformity of 

composition and size and its quick 

slaking properties. The desirable lim- 

its for these properties and methods 

of testing are all given in the “AWWA 

Standard for Quicklime and Hydrated 

Lime” (2). 


Feeding Equipment 

The modern lime feeder bears little 
resemblance to the first rotating disc- 
type feeder that appeared on the scene 
with the advent of rotary kiln lime in 
the 1920’s. In the Lansing Water 
Conditioning Plant there are six gravi- 
metric lime feeders and slakers. Three 
of these were installed in 1939 and 
three in 1949, when the plant was ex- 
panded. Each of the feeders has a 
maximum capacity of 3,000 lb/hr and 
a minimum capacity of 400 lb/hr of 
quicklime. Each of the bins above the 


lime feeders has a capacity of about 
150 tons of pebble quicklime. 

A vibrating mechanism shakes the 
lime down onto a moving feeder belt 
that is balanced on a scale and cali- 
brated to feed 20 Ib for each foot of belt 


travel. The lime spills from the dis- 
charge end of the belt into the first 
compartment of the slaker. The inten- 
sity of the vibration that shakes the 
lime onto the belt is modified by the 
weight of the lime on the belt, so that 
the belt and its load of lime is balanced 
on the scales at all times. If, for any 
reason, the feed should continue to be 
too heavy or too light, an alarm sounds 
to indicate trouble. According to the 
specifications the alarm will sound 
whenever the feed rate changes + 1 
per cent. 

Each feeder has a speed changer for 
manual adjustment of the speed of belt 
movement and, thus, the rate of lime 
feed. In addition, automatic control 
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is provided, which adjusts the feed 
for changes in the raw-water influent 
rate. The control for this adjustment 
is taken from the raw-water venturi 
meters. The operator adjusts the 
speed changer for the required amount 
of lime feed for a full rate of 22 mgd 
into the primary basin. Then, with 
the controls set on automatic, the pro- 
portion of time on line that the belt 
moves is controlled by the raw-water 
influent rate through the venturi meter. 
Pneumatic signals from the venturi 
meter are transmitted to an automatic 
meter, which, by an ingenious cam ar- 
rangement, varies the electrical contact 
time for power to the solenoid-operated 
belt shifter that starts and stops the 
speed changer and feeder belt. This 
automatic control is the result of con- 
siderable experimental work at the 
Lansing plant and in its present form 
has proved very reliable. The only 
changes that the operator has to make 
in the rate of feed are those dictated 
by the results of laboratory tests on 
samples from the rapid-mix, floccu- 
lator basin, and clarifying basin efflu- 
ents and by experience with water 
from the various well fields. 

In the speed changers, as originally 
installed, small wheels ride on rotating 
cone-shaped cams. The position of 
these wheels can be changed length- 
wise on the cams, thus varying the 
amount of motion transmitted through 
the clutch to the feeder belt. These 
wheels had a very narrow bearing 
surface and wore grooves in the cams. 
As a result, it was very difficult to 
make small changes in the speed of the 
feeder belt. For several years it was 
necessary to remove the cams periodi- 
cally and have a welder fill the grooves. 
The cams were then dressed and 
smoothed and were as good as new 
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for a while. After this process had 
been repeated several times on each set 
of cams, the mechanic who made these 
repairs suggested that the wheels be 
replaced by valve lifters from a car 
motor. The flat surface of these valve 
lifters would have a greater bearing 
surface, and grooving of the cams 
would be eliminated. His suggestion 
was acted upon in one speed changer 
and it worked perfectly. The other 
speed changers were also altered in 
this way, and from that time no further 
maintenance on the cams was neces- 
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Although the lime fed onto the 
moving belt is controlled primarily by 
the vibrator, as described above, the 
gate through which the lime moves 
onto the belt has to be adjusted for dif- 
ferences in the size of the lime. As 
originally furnished, this gate was very 
difficult for the operators to adjust. 
By installing racks on the gate and 
gears on the shaft extending across the 
gate and by placing a crank on the 
end of the shaft, it is now possible to 
adjust the position of the gate very 
easily (Fig. 2). 


4 


= 


Fig. 1. Portion of Speed Changer 


The drawing shows both the original cam follower, which wore grooves in the cam, 


and the altered model, designed to prevent the condition. 


Components include: A, 


the ball bearing welded to the cam follower arm; and B, the valve lifter, with a 
greater bearing surface than the wheel. 


sary. The manufacturer of the feeders 
immediately adopted the idea, and all 
of the speed changers for the eight 
feeders installed in the plant extension 
now have these valve lifters instead of 
wheels. In the 8 years since their in- 
stallation, very little maintenance has 
been necessary on these changers, ex- 
cept the periodical changing of the oil 
in the oil bath in which the cams ro- 
tate. Figure 1 illustrates both the old 
and new methods. 


In the original plant, with the tend- 
ency of light soda ash to flush and 
run through the feeder like water, ex- 
perience had led to the use of dense 
soda ash. When the extension to the 
plant was added, the new soda ash 
feeders were provided with antiflush 
devices. Dense soda ash continued to 
be used, however, and as a result, these 
antiflush devices saw very little use. 
On the other hand, cars of very fine 
lime were occasionally received. As 
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this fine lime feeds out of the bin, there 
is a tendency for a hole of 3-4-ft di- 
ameter to form, extending vertically 
from the surface of the lime down to 
the bottom of the bin. The fine lime 
forming the walls of this hole may 
suddenly cave in, with the result that 
it flushes in the same way that the 
light soda ash did. When this hap- 
pens, the feeder belt compartment and 
the first compartment of the slaker be- 
come filled with quicklime, which, be- 
cause of the steam from the slaker, 
becomes very hot and also forces open 
the doors of the belt compartment, 
spilling onto the floor around the 
feeder almost ankle deep. The glass 
in the doors is usually cracked, and 
the wood strips holding the glass are 
often charred. After several such ex- 
periences with the flushing of fine lime, 
the antiflush devices were removed 
from the soda ash feeders and installed 
in the lime feeders, where they have 
prevented several of these difficulties. 


Slaking Equipment 

The lime slakers at the Lansing plant 
are rectangular, round-bottomed tanks, 
divided into four compartments to pre- 
vent short circuiting. A propeller-type 
agitator in each compartment keeps the 
slurry well mixed during slaking. The 
slakers are large enough to provide a 
retention time of 30 min at the maxi- 
mum feed rate. The last compartment 
is equipped with a heat exchanger. 

The slakers at Lansing are among 
the first for which automatic control of 
the slaking temperature was specified. 
The specifications also called for heat 
exchangers so that the hot slurry leav- 
ing the slakers would warm the water 
to be used for slaking, thus retaining 
the heat in the slakers. By this method 
the slaking temperature is maintained 
at160°F-170°F, usually very close to 
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the latter temperature. With pebble 
lime, if the temperature is allowed to 
rise above 170°F in the first compart- 
ment, the slurry becomes too thick for 
good agitation and the lime then piles 
up under the opening from the feeder 
compartment. It may even partially 
fill this compartment. A _ limited 
amount of water mixes with the lime, 
slaking it, but the heat is retained in 
the pile, with results about the same as 
described above when fine lime flushes 
into the feeder. If this occurs shortly 


after the operator has made his hourly 


This device was designed to facilitate 
adjustment of the sate through which 
the lime moves onto the feeder belt. 


readings, the alarm sounds when the 
lime has piled up under the end of the 
belt. This indicates that not enough 
lime has been fed. If the operator is 
lucky, he can stop the feed of lime and 
then thin out the mixture in the first 
compartment by opening an emergency 
water valve. Usually an occurrence of 
this kind results from faulty agitation 
of the slurry, caused by worn agitator 
impellers. It is, therefore, necessary 
to keep a supply of these impellers on 
hand and to replace the worn impellers 
whenever the agitation appears to be 


poor. 
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Pig. 2. Rack and Gear Installation 
on Gate 
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The temperature of slaking is con- 
trolled by temperature regulators. 
These consist of thermostatically con- 
trolled valves on the line carrying the 
slaking water. The thermostatic ele- 
ment, encased in a stainless steel tube, 
extends about 18 in. into the first slak- 
ing compartment, where changes in 
temperature due to variations in lime 
feed or composition first take place. 
Temperature recorders have also been 
installed on each slaker. These are 


JOHN F. DYE 


Jour. AWWA 


outside, or slurry side, in about 6 
months. After replacing them several 
times, it was decided to replace the 
copper coils with steel plate coils. 
Plate coils are heat transfer units, 
consisting of two sheets of No. 14 cold- 
rolled steel with channels embossed in 
them. When placed face to face and 
spot- and seam-welded, they form com- 
pact and lightweight units, through 
which the slaking water is circulated 
to absorb heat from the lime slurry. 


On the left is the model designed at the Lansing plant, based on data from a manu- 


facturer’s experimental model. 


On the right is the newer model, furnished by a 


manufacturer. 


very useful to the operators when put- 
ting a cold slaker in operation or mak- 
ing a major change in the feed rate. 
They are easier to read than the usual 
thermometers, and provide a valuable 
record of the operation of the slaker. 

The heat exchangers furnished with 
the three new slakers for the water 
plant extension consisted of coils made 
up of copper tubing and fittings fas- 
tened to a steel stiffening plate. These 
coils invariably wore through from the 


In the 5 years since these plate coils 
were installed, no replacement has been 


necessary. The slaker manufacturer 
has since adopted the plate coils as 
standard equipment. 

Shortly after the original water con- 
ditioning plant was placed in service, 
it was found that the amount of sandy 
grit and clinker in the slurry was mak- 
ing it necessary to take each rapid mix 
and flocculator basin out of service 
akout once a month for cleaning. The 


Fig. 3. Grit and Clinker Removers 
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slaker manufacturer was consulted 
and very shortly shipped an experi- 
mental grit and clinker remover for 
testing. This design was not the an- 
swer to the problem, but enough infor- 
mation was obtained to enable the engi- 
neering department to design, and the 
mechanics at the pumping plant to 
build, clinker removers that work very 
satisfactorily (3). 

When the water plant was expanded, 
it was stated in the specifications for 
the slakers that “provision shall be 
made for continuous removal of grit 
and clinker from the slaked lime and 
the slaked lime slurry leaving the 
slaker.” The manufacturer made this 
equipment an integral part of each of 
the three slakers, and grit and clinker 
removers are now standard equipment 
on most of the slakers of this make. 

Another innovation should be noted 
here. In the grit and clinker removers 
the rejected material is thoroughly 
washed before it is discharged to the 
clinker cart. This has prevented waste 
of lime, and also the material is drier 
and has much less tendency to cake 
and harden in the large clinker hopper 
into which it is dumped. The use of 
these clinker removers at Lansing has 
reduced the cleaning of the primary 
basins from once a month to once every 
3-4 months. Figure 3 shows both 
models used at Lansing. 

After several years of operation, 
leaks began to develop in the slaker 
tanks. Inspection revealed that the 
bottom curved plates and the end 
plates in the first compartments had 
been worn very thin by the abrasive 
action of the grit in the lime slurry, 
and in places these plates were worn 
completely through. New plates were 
welded in place, and then wearing 
plates were tacked to these plates. 
These wearing plates can easily be re- 
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placed when inspection shows that 
they are badly worn. 

One design feature of the slakers 
could be improved. The insulated cov- 
ers on the top of the slakers corrode 
rather rapidly. The covers are made 
of 18-gage steel and are of welded 
construction, being hollow and filled 
with insulation. Condensation collects 
inside and is held by the fiber glass 
or rock wool used for insulation. This 
causes rather rapid corrosion from the 
inside. Since it does not seem pos- 
sible to keep the condensation out, 
stainless steel construction would be 
more economical in the long run. 
Also, the covers should be more satis- 
factorily counterbalanced, since they 
are quite heavy and in their present 
condition are a safety hazard. 


Pellet Lime 


The use of pelletized lime from the 
new calcining plant at Lansing (4) 
has presented some new problems to 
the operating personnel. This pellet 
lime, because it is similar to small mar- 
bles or shot, is easy to convey, and in 
feeding it forms an even ribbon of 
material on the feeder belt. The 
screen size of this pellet lime is quite 
constant, and for this reason the ad- 
justable gate above the belt seldom has 
to be readjusted. The pellets are quite 
hard; therefore, the amount of fines 
developed by conveying and handling 
is negligible, and the material never 
arches or “rat holes” in the bins. Be- 
cause of its higher density, however, 
and the fact that a small amount of 
soda ash has been used as a binder, it 
must be slaked at a higher temperature 
than pebble lime. To obtain the 
slaking temperature required (180°F- 
185°F), steam lines were installed 
leading to the first compartment of 
each slaker. Before a cold slaker 
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starts feeding pellet lime, it must first 
be warmed up to about 150°F with 
steam. Then, when the lime feed is 
started, the temperature rises quickly 
to 185°F. When slaked at this tem- 
perature, the amount of rejects dis- 
charged from the clinker remover is 
negligible. These same steam lines 
have proved to be a distinct aid in get- 
ting a cold slaker in service when 
feeding pebble lime also. 


Conclusions 


Experience at the Lansing Water 
Conditioning Plant has demonstrated 
that, for the most part, manufacturers 
are very receptive to new ideas and 
suggestions from the users of their 
equipment. After all, their designers 
just do not have the opportunity to get 
day-to-day experience with their brain 
children, but if the actual users, who 
have to live with this equipment, let 
them know of shortcomings or of pos- 
sible improvements, they will give 
these ideas every consideration. Many 
of the improvements that can be made 
on equipment of this nature seem to 
be very minor in character, but added 
together, they improve the operation 
enormously and make for ease of main- 
tenance or reduce the amount of main- 
tenance very appreciably. 

The specifications for this equipment 
should be very carefully written and 
worded so that the successful bidder 
must supply just exactly what is re- 
quired. Also, although it may seem 
more economical to install a lime feeder 
and slaker that will have a capacity 
great enough for the maximum ex- 
pected summer plant load, it is better 
from an operational standpoint to have 
several smaller units. This gives the 
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necessary flexibility to permit outage 
time for preventitive maintenance and 
also provides the extra standby equip- 
ment for the high loads. When oper- 
ated at close to the rated capacities, 
the temperatures are easier to main- 
tain, and when changes are made in 
the feed rates, the time lag before these 
changes show up in the treatment is 
shortened. If for some parts of this 
equipment corrosion- or abrasion- 
resistant materials seem desirable, that 
fact should be included in the specifi- 
cations. First cost for some of these 
items may seem high, but if they elimi- 
nate excessive maintenance and im- 
prove operation they are actually 
economical. 
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Factors Affecting Filtration Rates 


Herbert E. Hudson Jr. 


A paper presented on Sep. 26, 1957, at the Michigan Section Meeting, 
Detroit, Mich., by Herbert E. Hudson Jr., Partner, Hazen & Sawyer, 


Engrs., Detroit, Mich. 


ERE has been so much discus- 

sion of filtration rates in recent 
years that a review of the various 
factors affecting the establishment of 
proper rates seems desirable. Princi- 
pal factors affecting filtration rates are 
the quality of the raw water, the qual- 
ity of the pretreatment facilities and 
their management, sand size, bed 
depth, head conditions, and hydraulic 
conditions in the filter piping. 

The original work on rapid sand 
filters was carried out at Louisville, 
Ky., and led to the adoption of rate 
controllers 60 years ago as a means of 
governing the input and output flows 
from the treatment facilities and fil- 
ters, so as to keep the flows in balance. 
These controllers are also used to limit 
the filtration rate in the plant. Ex- 
perience throughout much of the 
United States has established that 
water of good quality can usually be 
produced without undue difficulty by 
filters operated at a 2-gpm/sq ft rate, 
using sand of 0.5-mm effective size, a 
thickness of sand bed of about 2 ft, and 
an 8-ft loss of head. 


Limiting Conditions 


The design of filters to date has been 
almost exclusively based on practical 
experience, which has demonstrated 
that satisfactory filter runs can be ob- 
tained, with usual design and pretreat- 
ment, during those times of the year 
when filter runs tend to be bothersome. 


As in every other engineering prob- 
lem, some factor of safety must be left 
in the design. Filtration rates must 
not be increased to the point where the 
filters barely prevent the production of 
turbid water, nor must they be in- 
creased to the point at which short 
filter run troubles get to be extreme. 
Both short filter runs and passage of 
flocculated matter through filters are 
forces that should tend to hold filtra- 
tion rates down. The forces that tend 
to increase filter rates are economics 


and the improvement of pretreatment 


methods of water. Today, when far 
better settled waters are being pro- 
duced in plants of recent design than 
in plants of earlier vintages, it becomes 
possible to run filters at increased rates. 

In a number of locations it has been 
observed that, with the usual pretreat- 
ment facilities, and filter design as out- 
lined above, trouble occurs at times of 
weak flocculation, when coagulated 
turbidity penetrates through the sand 
beds towards the end of the run. In 
such places, best practice has suggested 
washing the filters at lower terminal 
head losses, although the same result 
could be accomplished by substituting 
finer sand, operating at lower filtration 
rates, or using thicker sand beds. It 
is hard to change the sand in the filter 
from season to season, so the usual 
method of meeting difficulties is to 
wash the filters at lower head losses, 
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leaving the filtration rate somewhere 
near the design point. 

Not all waters cause these filtration 
difficulties, which are notorious for oc- 
curring in cold weather conditions 
when water temperatures are below 
40°F. On the Great Lakes, these diffi- 
culties frequently occur when the tur- 
bidity tapers off after storms and con- 
sists of very tiny particles occurring in 
high concentrations. Treatment con- 
ditions usually are not very difficult 
while turbidity in the water is increas- 
ing, since much of the turbidity at that 
time is coarse material, which is easily 
flocculated. 

This subject has been quite fully 
reviewed in a number of publications, 
describing experiences with weak floc- 
culation conditions at Chicago and Bal- 
timore. Many other places have ex- 
perienced these difficulties. For ex- 


ample, they occur with Missouri River 


water and with the James River at 
Richmond, Va. Flocculation aids are 
frequently helpful in getting around the 
difficulty, by toughening the floc dur- 
ing these critical periods, which com- 
monly occur from January through 
March in the United States. The 
most common flocculation aid in the 
past was the activated-silicate type 
which was somewhat troublesome to 
manage. Development of continuous 
silica activators help, and now coming 
on the market are some of the newer 
organic materials which serve a similar 
function, but which are not yet fully 
tried or evaluated for their toxicity. 
One of the difficulties with the choice 
of filter rates in many places is that 
engineers and operators tend to be 
guided by general averages rather than 
by limiting conditions, such as those 
of weak flocculation. Obviously, the 
choice of plant design and the plant 
operation must be based on the most 
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severe conditions. The South District. 
Filtration Plant at Chicago was de- 
signed for operation at 3 gpm/sq ft in 
winter and 4.5 gpm/sq ft in summer. 
Actually, experimental work has been 
carried out in this plant at rates con- 
tinually in excess of 4.5 gpm/sq ft 
with good success, provided a floccula- 
tion aid was used during periods of 
weak coagulation. 


Effects of Filter Materials 


It has been established that the abil- 
ity of the filter sand to remove turbid- 
ity is a function of the size of the pas- 
sages through the sand. Since these 
passages are of odd shapes, it is awk- 
ward to discuss their dimensions, so 
they are usually referred to in terms 
of the size of the particles. The techni- 
cal relationship governing the effective- 
ness of the sand in removing suspended 
matter states that this ability of the 
sand is related to the square of the 
particle size. Thus, sand of 0.5-mm 
diameter is twice as good in removing 
turbidity as sand of 0.7-mm size, and 
sand of 0.35-mm size is twice as good 
as 0.5-mm sand. 

Although the finer sand will produce 
a better quality of filtered water, it also 
produces short filter runs in just about 
the same ratio as above. If the effec- 
tive size of the filter sand is halved, the 
filter runs will be shortened to one- 
quarter of their former length. Those 
troubled with short filter runs who 
want to increase the sand size might 
increase the effective size 40 per cent, 
thus doubling the filter runs. Such a 
change may simultaneously produce an 
unsatisfactory filtered-water quality. 

Another important factor governing 
the size of the opening through filter 
beds is the porosity of the sand. The 
porosity is the ratio of the void space 
within the bed to the total volume oc- 
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cupied by the bed, expressed as a per- 
centage. The porosity of sand in a filter 
bed is about 43 per cent. Other filter- 
ing materials having larger void ratios 
actually have larger size pores. Angu- 
lar materials, for example, may have 
porosities as high as 55 per cent. 
These angular materials, such as 
crushed coal or crushed quartz, do a 
less adequate job of removing sus- 
pended matter than materials of lower 
porosity. Correspondingly, they give 
longer filter runs. If an engineer uses 
an angular material of 0.5-mm effective 
size in order to get longer filter runs 
as compared with 0.5 mm sand, then 
he must expect lower quality filtered 
water. The only way of cheating on 
this relationship is to use some of both. 
For example, use of a relatively thin 
layer—4—6 in.—of coarse crushed coal 
on top of the sand bed of 0.5-mm size 
works out extremely well. The coal 
serves as a roughing prefilter, relieving 
the sand of much of the load, and filter 
runs are greatly lengthened. This 
gives the advantage of the low clogging 
rate of the coarse material together 
with the high filtering ability of the 
finer material below it. Apart from 
methods like this, however, there is no 
way of getting longer filter runs with- 
out sacrifice in water quality except by 
reducing the amount of load placed on 
the filters, by decreasing the filter rate 
or by providing better pretreatment. 


Bed Thickness and Rates 


Bed thickness is equally important 
in the behavior of filters, since the 
thicker the bed is the more complete 
the removal of material will be. Gen- 
era! practice has shown that 2-ft beds 
do a good job. Beds of 3-ft thickness 


do a better job, but they are expensive 
to build and, therefore, are uncommon 
in the United States. 


In European 
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practice, however, depths as great as 
6 ft are sometimes used. Because of 
the greater depth used, it is possible to 
use coarser material, the result being 
longer filter runs. All these factors 
are related and affect each other. 

Strangely enough, the thickness of 
the filter bed has practically no effect 
on the lengths of the filter runs. The 
author once operated a series of four 
filters, having thicknesses of 6, 12, 24, 
and 36 in., respectively. They all had 
the same size of sand and were oper- 
ated at the same rates of filtration. 
The filter run lengths were practically 
indistinguishable. Changing the sand 
bed thickness is not going to make 
much difference in the operation of the 
filters, but it will make a real differ- 
ence in the water quality produced. 
A filter bed twice as thick as another — 
bed will do twice as good a job of pro- 
tecting the public against unsatisfac- 
tory water quality. 

Similarly, the higher the filtration 
rate is, the shorter the filter runs and 
the worse the water quality will be 
during critical periods. More than 
twice as much turbidity in the effluent 
of a filter operated at a 4-gpm rate 
can be expected as in the effluent from 
one operated at a 2-gpm rate. Those 
fortunate people whose plants always 
produce perfect water may be able to 
stand some increase in filtration rates, 
but an increase in rates must be ex- 
pected to shorten the filter runs at least 
in inverse proportion to the rates. 
Some experimental work has indicated 
even more marked effects than this, 
although the evidence on this point is 
contradictory. 


Loss of Head 


Another important factor is the loss 
of head through the filter bed. Hul- 
bert and Feben (1, 2), in some out- 
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standing studies, found that filter run 
curves at Detroit were practically 
straight lines from the start of the run 
onward. This frequently happens in 
many plants, but others find that the 
loss-of-head curve, when operating at 
a constant rate of filtration, curves up- 
ward sharply. This refers to strip 
charts, rather than circular ones. It 
is rather difficult to see what the rela- 
tionship is on a circular chart, although 
it will frequently show what is truly 
an accelerated rate of increase of loss 
of head toward the end of the run, 
which is masked by the shape of the 
chart. Because of the fact that the 
time versus loss-of-head curve tends 
generally to get steeper towards the 
end of the run, there is not much ad- 
vantage in operating filters to a high 
loss of head. About two-thirds as 
much water will have passed through 
a filter operated to a 5-ft loss of head 
as will have been filtered by running to 
a 10-ft loss of head, sometimes more. 
Increasing the terminal head loss, 
therefore, does gain less than might 
be expected in filter run lengths, but 
it has a profound effect on the filtered- 
water quality. 

It may be fortunate that most open- 
bed plants have a limiting freeboard 
in filters and clear wells, which fixes 
the maximum loss of head. Pressure 
filters do not have this protection, how- 
ever, and thus are more subject to 
abuse. At one plant, pressure filters 
were operated with reciprocating steam 
pumps on both the influent and efflu- 
ent. The pumps worked in and out 
of phase and the only good feature was 
the high loss of head in the underdrain 
system, since the rate controller dia- 
phragms had been unable to cope with 
the hammering and had ruptured. 

The total loss of head to which the 
filter is operated is one of the most 
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critical factors in determining the qual- 
ity of the filter water, since the solid 
material in the applied water continues 
to penetrate deeper and deeper into 
the bed as the loss of head increases. 
As mentioned earlier, this finally re- 
sults in breakthrough, at which tur- 
bidities may jump from their usual low 
reading (0.1 units) to as much as 10 
units. This is why, at times of weak 
flocculation, filters are washed at lower 
head losses in order to obtain a good 
quality of water. 

Most filtration plants are designed 
today with the clear well maximum 
level at 10 ft below the settled-water 
level, thereby eliminating the saving of 
head by washing filters at low head 
losses. There is some reason to think 
that clear wells might well be designed 
with their ceilings located at about the 
settled-water level so that it would be 
practicable to onerate filters to low 
losses of head, and thus gaining some 
additional storage capacity and saving 
on pumping costs. It is very difficult to 
do this with an existing plant, but new 
ones can sometimes have this feature 
designed into them. The added cost 
of the taller reservoir may be offset by 
the savings in pumping costs. 

In an existing filtration plant, there 
is not much to be done about the size 
of the sand, its porosity, nor the bed 
thickness, but controls can be applied 
to the rate of filtration and the loss of 
head. These can readily be altered by 
the operator, although he should use 
caution. Actually these two factors 
have been found to be more closely re- 
lated to each other than many people 
think. When a filter is operated at 
a constant rate, as the bed clogs up, 
more and more of the empty space in 
the sand is occupied by solids strained 
out of the water. This means that the 
water is forced to go faster through the 
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remaining space to maintain the same 
total flow. The velocity inside the 
sand bed is the important item. Dur- 
ing the filter runs, it increases as the 
loss of head increases. If this velocity 
gets too high, sediment is transported 
clear through the sand bed. Relation- 
ships have been worked out by which 
the limiting value of this velocity can 
be determined for a given plant. Thus, 
by carefully limiting both the flow and 
the loss of head, it is possible to oper- 
ate filters so that they will at all times 
produce safe water (provided that the 
pretreatment is of good quality). 
With a system of that nature, higher 
filtration rates are possible, particularly 
at lower losses of head. 


Filter Bed Conditions 


All the foregoing has applied to clean 
sand beds. Sand beds that are fouled 
with mud balls and clogged places can- 


not be expected to do a good job of 


clarifying water. The surface wash 
does a very good job of completely 
eliminating these troubles. Surface 
wash should be an essential part of the 
design. Without a surface wash, a 
good deal of effort and high-pressure 
water applied through hoses is neces- 
sary to keep filter beds in good condi- 
tions. When filters are kept in good 
condition they will perform in accord- 
ance with the relationships described. 
When they are laden with accumulated 
mud that is not removed by backwash- 
ing, cracks through the filter beds, the 
pulling away of the beds from the side 
walls, and bed upsets completely de- 
stroy the effectiveness of the filters. 
Improperly designed backwashing 
facilities, which may produce uneven 
wash water distribution, will also upset 
the performance of filters very badly 
by causing a mounding of the gravel, 
sometimes to the point where gravel 
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projects upward through the sand. 
Under circumstances like this, it is im- 
possible to produce good water. Such 
filters have to be rebuilt to safeguard 
the public health. 


Hydraulic Conditions 


Another factor that severely upsets 
the operation of filters is unsteady 
flow. Filters that are directly con- 
nected to pumps which may produce 
variance in flow through the bed can- 
not be expected to produce good water. 

There is one filtration plant which 
has an improperly designed master 
control system that maintains the gen- 
eral average desired rate of flow by 
turning all the filters off and on every 
few minutes. Obviously, this is rough 
on a hard working filter, and while the 
bottom of the reservoir can be seen 
through the sight well, there is grey 
haze in the water around the sub- 
marine light in the reservoir. 

John R. Baylis has discussed an- 
other force that has a profound effect 
on filtered-water quality: the short- 
time surges in rate of flow through 
the filter bed caused by peculiar hy- 
draulic conditions in the filter effluent 
piping and equipment. Such surges 
may be produced by improperly func- 
tioning rate controllers, or by air leaks 
in rate controller stuffing boxes, which 
cause the effluent pipe to serve alter- 
nately as a siphon and as an open 
channel, thus causing wide variations 
in the rate of flow from one minute to 
the next. This problem can be avoided 
by locating the rate controller at an 
elevation below the water level in the 
clear well, but in an existing plant, this 
may be impossible to change. 

Most filter rate controllers, properly 
maintained, do a good job, although 
there is some evidence that the short- 
tube venturi meter used in them may 
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produce pulsations in flow. Experi- 
mental work carried on in the Chicago 
Filtration Plant showed severe injury 
to water quality caused by pulsations 
resulting from the venturi meters. 


Water Quality Standards 


Aside from interest in how filters 
function, there should be concern about 
the quality of water that they are pro- 
ducing and the methods of measuring 
it. Of course, the standard bacterial 
analysis is of vital importance in estab- 
lishing whether the water produced is 
always of high quality. Bacterial meas- 
urements, in these days of prechlorina- 
tion, do not give a very good measure 
of filter performance. About the only 
measure that tells how the filters them- 
selves are performing is the clarity of 
the filter effluent. There are several 
ways of measuring this. One of the 
handiest methods is through use of 
the filtered-water sight well, which, 
when equipped with suitable lighting, 
lets the operator evaluate the filtered- 
water quality quickly, easily, and with 
great sensitivity. 

Other methods of checking on 
filtered-water quality involve measure- 
ments with various types of turbidime- 
ters. The Baylis turbidimeter is good 
to about 0.1 turbidity units, but it is 
a little bulky and awkward to use. 
Other turbidimeters are somewhat 
handier, but considerably less sensitive, 
and do not ordinarily give precise read- 
ings below 1 turbidity unit. They are 
excellent instruments to use for raw 
and settled waters and avoid the ne- 
cessity for preparation of standards. 
The St. Louis turbidimeter is a very 
useful one. It uses Nessler tubes, and 
permits a measure of either settled- or 
filtered-water turbidities to as low as 
0.05 turbidity units. Of course, there 
is the necessity of preparing standards 
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for it, and new ones are needed at least 
once a week. 

When routine measurements are 
made with an instrument like the Bay- 
lis or St. Louis turbidimeter and rec- 
ords of these measurements are kept, 
it is relatively easy to find out when 
the breakthroughs of the filters occur. 
Of course, an easier method is to watch 
the sight well, but there are no quan- 
titive figures obtained from that obser- 
vation nor indications of what the 
individual filters are doing. The preser- 
vation of records of accurate filtered- 
water turbidity determinations is of 
highest importance in establishing 
whether or not filters are functioning 
properly. It is one of the handiest 
methods, also, of determining whether 
or not filtration rates can be increased. 
If these observations of filtered-water 
clarity prove that there are never any 
breakthroughs in the plant, then there 
is good evidence to think that higher 
filtration rates might be practicable, 
particularly when the water quality is 
good, as it usually is in the summer, 
when flow requirements are highest. 
Without such accurate and complete 
records of plant operations, there is a 
grave danger of turning loose unsatis- 
factory water to the public. 

As a rule, the public cannot tell the 
difference between water of 0.05 tur- 
bidity unit and that of 1 turbidity unit, 
except a few people who use tub baths 
or swimming pools and keep them par- 
ticularly clean. But the difference be- 
tween these two qualities of water is 
of extremely grave importance at those 
times when there chlorinator 
difficulties. 


Practical Applications 


To find out just what can be done 
with the filter rates at a given location, 
it is necessary first to review the de- 
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tailed records of filtered-water quality. 
If there are no detailed records, the 
plant personnel should begin obtaining 
and keeping them. 

A detailed review of filtered-water 
clarity records tells when and under 
what conditions breakthroughs oc- 
curred. Analysis of the head losses 
and filter rates at these times, together 
with data on the sand bed thickness 
and sand size and porosity, makes pos- 
sible an evaluation of what may be 
done at the given plant. This sort of 
evaluation was made to check the 
sizing of the sand for the new filters 
at Detroit’s Springwells plant. The 


analysis verified the conclusion that 
had previously been obtained from ac- 
tual trials for the Northeast plant in 
Detroit. 

The same kind of analysis has been 
made for the Wayne County filtration 
plant design, and the sand size, bed 


thickness, and other characteristics have 
been established from this analysis. 
The idea of linking the rate of flow 
and loss of head together by a special 
filter design has obvious merit. Such 
variable-rate operation makes possible 
the savings of 5-10 ft of head in the 
plant, while maintaining a design that 
cannot produce unsatisfactory water. 

The Wayne County filters are rated 
at about 2.5 gpm/sq ft for constant- 
rate operation, but they can also be 
operated with higher rates of flow in 
the early part of each run and with 
lower rates as the run continues. Trial 
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operation of a variable-rate filter is 
now going on in one of the water 
plants in the Detroit area, with good 
results so far. More complete data 
will be required, particularly with care- 
ful observations made during periods 
of weak flocculation, before the evalu- 
ation of the process can be final. So 
far, parallel filters with constant-rate 
and the variable-rate operations are 
producing equal results, as should be 
expected. The difference in perform- 
ance should show up when weak floc- 
culation occurs, at which time the 
variable-rate unit should steadily pro- 
duce a bettter quality of water. 


Conclusion 


The problem of filtration rates is a 
difficult one because so many factors 
enter into it. The relations between 
these factors are relatively simple, 
however, and it is possible to deter- 
mine just what filtration rates are safe 
to use at any given location, provided 
measurements are accurate and records 
are complete and cover a period long 
enough to assure that the critical limit- 
ing conditions have been included. 
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Nebraska Law Affecting Water Resources 


Robert Perry 
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LTHOUGH water is one of the 

basic necessities, most people 
give little thought to rules affecting its 
use. This has been particularly true 
of the rules relating to underground 
water. Because Nebraska is classified 
in part as a semiarid state, a considera- 
ble amount of water litigation resulted 
from the use of the streams, lakes, and 
other ground water within the state. 
There was, however, little law with 
reference to underground or percolat- 
ing water. 

For the purpose of classification ac- 
cording to legal treatment, there are 
at least six different types of water 
found in the state of Nebraska: [1] 
navigable streams, [2] streams, [3] 
lakes, [4] ground water, [5] percolat- 
ing water, and [6] underground 
streams. The law in regard to navi- 
gable streams, streams, and lakes has 
been defined in considerable detail, 
both by legislation and case law. The 
use of underground water for irriga- 
tion did not commence in earnest until 
the state legislature, in 1951, refused 
to pass the bill which would have per- 
mitted diversion of Platte River water 
out of that watershed. At approxi- 
mately that same time, several of the 
natural gas pipeline companies and 
the electric power groups became 
aware of a substantial prospective mar- 
ket and attempted to move to make 
cheap power available. 
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With hundreds of new irrigation 
wells going down each year, there has 
arisen considerable concern as to what 
happens when this supply of water 
runs out and concern as to how best 
to regulate the supply so that it will 
not be unduly depleted. 

Unfortunately, the laws with refer- 
ence to riparian rights and to the sys- 
tem of prior appropriation of water 
as these theories are applied to navi- 
gable streams, streams, and lakes have 
little or no application to wunder- 
ground water. The fourth classifica- 
tion, ground water, has reference to 
surface water not following any well 
defined channel or stream, and the 
fifth classification, percolating water, 
has in many jurisdictions a close rela- 
tionship to the fourth. 

The rule applied to ground water is 
that it is owned by the person upon 
whose land it is found at the moment, 
to use or permit to run off as he 
wishes, but that the owner cannot arti- 
ficially repel it from his land to another 
person’s damage, and he cannot arti- 
ficially control its course of discharge 
onto another person’s land, to the oth- 
er’s damage. With respect to surface 
water, most of the courts have held 
that the right to use such water while 
it is upon a person’s land is absolute to 
the same extent as the right to use 
any other element or portion of the 
soil. 
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Percolating Water 


With regard to percolating water, 
a large majority of the jurisdictions 
have followed the same rule as for 
ground water. This rule, in fact, has 
its origin in early common law deci- 
sions in England. 

It can well be imagined the tremen- 
dous difficulty that the legislation 
might have in regulating the under- 
ground water supply, usually referred 
to as percolating water, if this rule 
obtained in Nebraska. If the title to 
the percolating water were absolute in 
the owner of the land under which it 
lay, the percolating water found under 
land could be used to a point of com- 
plete exhaustion, regardless of what 
that might do to his neighbor’s supply. 
Similarly, if this were the case, the 
legislature would have no power to 
regulate the use of water as it would 
be a vested property right. One deci- 
sion said, of percolating waters: 


Their ownership consists in the right 
of the owner of the land to capture, con- 
trol, and possess them, to prevent their 
escape, if he can do so, from his land, 
and-to prevent strangers from trespassing 
upon his land in an effort to capture, con- 
trol, or possess them. If percolating 
waters escape naturally to other lands, 
the title of the former owner is gone. 
While the landowner may prevent the 
escape of such waters from his land, if 
he can do so, he has no right to follow 
them into the lands of another, and there 
capture, control, or reduce them to 
possession. 


Of course, even this right of abso- 
lute ownership has its limitations in 
that a landowner cannot pollute water 
to another’s damage. One decision (1) 
states: “One who collects injurious or 
offensive matter upon premises which 
by percolation, transmissions, or sub- 
terranean streams, or otherwise pol- 
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lutes his neighbor’s well, is liable for 
the damages thereby sustained.” 

Fortunately, for the ability of the 
government to control water use in the 
state of Nebraska, the supreme court 
of this state has seen fit to find that 
there existed a modified water doc- 
trine. In the case of Olson v. City of 
Wahoo (2), the court stated: 


The English or common law doctrine 
... is that percolating waters are re- 
garded as belonging to the owner of the 
freehold, like rocks, soil, minerals, and, 
in the absence of malice, the owner may 
appropriate such waters while they are 
upon his premises, regardless of the fact 
that such use cuts off the flow of such 
waters to adjoining land. 

The American rule is that the owner 
of land is entitled to appropriate subter- 
ranean waters found under his land, but 
he cannot extract and appropriate them 
in excess of a reasonable and beneficial 
use upon the land which he owns, espe- 
cially if such use is injurious to others 
who have substantial rights to the waters. 
and if the natural underground supply is 
insufficient for all owners, each is entitled 
to a reasonable proportion of the whole, 
and while a lesser number of states have 
adopted this rule, it is, in our opinion. 
supported by the better reasoning. 


Underground Streams 


There is also another type of under- 
ground water usually referred to as 
underground streams. The distinction 
between an underground stream and 
percolating water is that the under- 
ground stream has regular and well 
defined underground channels, has 
well defined banks, tunnels, and cav- 
erns through which it passes, and it 
is easily recognizable and distinguish- 
able (theoretically) from a seeping or 
percolating flow. To these under- 
ground streams when properly identi- 
fied the law of surface streams is ap- 
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plied, so that in a state where either 
riparian or prior appropriation is recog- 
nized, those same rights may be estab- 
lished in underground streams. With 
reference to such an underground 
stream, the owner of a land through 
which such a stream passes would have 
the obligation of permitting the stream 
to flow to his neighbor downstream in 
a substantially unaltered form, and 
would have the right to remove from 
such underground stream only such 
water as did not adversely affect his 
downstream neighbors’ riparian rights, 
unless such removal was authorized by 
a prior appropriation duly established. 

The 1957 Nebraska legislature saw 
fit to pass two legislative bills which 
take the first small step toward the 
regulation of underground water. One 
bill requires that owners of irrigation 
wells register each well with the state 
engineer, giving such information as 
location, date of completion, purpose, 
capacity, and any additional informa- 
tion the state engineer might require. 
It also provides that during construc- 
tion of an irrigation well a log must 
be kept, containing detailed construc- 
tion information. The second bill pro- 
vides spacing regulations for irrigation 
wells, stating that a minimum distance 
of 600 ft must be maintained, except 
in special cases. 

It is to be expected that in the near 
future, when the information available 
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from the registration requirements is 
combined with the information now in 
the process of being gathered on the 
degree and amount of water available, 
that some future regulation of the use 
of this water, if found necessary by 
the legislature, may be expected. Such 
regulation when it comes will have to 
find as its hinge for constitutionality 
the language of the state supreme court 
in the Olson v. City of Wahoo case 
(2). In that regard, the future regu- 
lation upon use must find as its basis 
the protection of a reasonable use of 
the water to all owners. If the regu- 
lation requires a degree of abstinence 
on the part of an owner greater than 
what reasonable use implies, it must 
be assumed that the law would then 
have to provide for an expropriation 
of the difference by eminent domain. 

The great landmark in the Nebraska 
constitution prohibiting the damaging 
or taking of private property for public 
use without just compensation and the 
language of the supreme court in the 
Olson v. City of Wahoo case will serve 
as the only two well marked points 
of departure in the development of this 
relatively new field of law. 
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Developing a Safety Program for 
the First-Level Supervisor 


Alexander C. Rener 
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Engr., Water Distr. Div., Dept. of Water & Power, Los Angeles, 


Calif. 


AFETY in a water utility is no 

different than safety in a factory, 
a railroad, or a construction project. 
To have an effective safety program, 
the same basic requirements must be 
fulfilled. A safety program must have 
the complete and enthusiastic support 
of management, and all supervisors 
down to the first level must be made 
aware of that support. The first-level 
supervisor must direct the safety pro- 


gram, because top management cannot 
be aware of the detailed problems that 
are involved in getting the message to 


the employees. Accidents are not re- 
duced by management bulletins urging 
safe thinking. They are reduced by 
the example and continuous contact of 
the first-level supervisor with the em- 
ployees. In a large organization, the 
safety engineer is of great value in 
organizing a safety program, in pre- 
paring safety material, and in develop- 
ing safe methods, but the first-level 
supervisor must be the contact with 
the employees. 

This article discusses in detail the 
safety experience of a large construc- 
tion, maintenance, and operation unit 
of a water utility. The distribution 
division of the water system of the 
Department of Water and Power con- 
structs, maintains, and operates the 
water system within the city of Los 
Angeles. This includes the installa- 


tion, maintenance, and operation of all 
water mains, trunk lines, fire hydrants, 
meters, services, pressure-regulating 
stations, tanks, some of the reservoirs, 
and all other appurtenances dealing 
with the distribution of water. To 
perform these various functions re- 
quires a personnel roster of 1,200, of 
which 1,000 are field employees, rang- 
ing from district superintendents to 
laborers. The water system, because 
of its size of 44 by 28 mi, is divided 
into five districts, each completely 
staffed and equipped to perform the 
above-mentioned functions. 


Past Experience 

For the past 10 years, the distribu- 
tion division has had an assigned safety 
engineer from the accident prevention 
section. His duties were to visit the 
various districts and, with a field 
superintendent, inspect the various 
construction projects in the interest of 
safe operation. His position carried 
no real authority for enforcing safe 
methods, but his advice concerning 
safety was generally followed. Upon 
his recommendation, a variety of safety 
equipment, such as toe guards, goggles, 
respirators, hard hats, and gloves, was 
purchased and their use encouraged. 
His position and title promoted safety, 
but no one else took the same interest 
in the problem. The foreman re- 
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spected his comments and appreciated 
the visit to his job, but the safety engi- 
neer was only able to see this particu- 
lar foreman on the job once every 2-3 
months. With 110 crews in the field, 
it was difficult to devote much time to 
any particular foreman or construc- 
tion project. Every 2 months a safety 
meeting was held in each district. 
This meeting, after work on an over- 
time basis, was attended by all super- 
intendents, foremen and lead men. A 
lecture on safety with demonstrations 
and motion pictures followed by a gen- 
eral discussion constituted the meeting. 
The men were expected to put to prac- 
tice the lessons they had learned at 
the meeting. The safety engineer was 
doing everything within his power to 
promote safety and reduce accidents. 

After operating in this manner for 
a number of years, it became apparent 
that something was missing. The acci- 
dent frequency and severity rates were 
static. In spite of the support by 
management in assigning safety per- 
sonnel, in addition to purchasing 
safety equipment and the personal con- 
tact of the safety engineer, people were 
still getting injured at the same rate. 
In analyzing the safety program, one 
missing basic element was found, the 
source of the trouble. The entire pro- 
gram was the personal activity of one 
man, the safety engineer. He did all 
the talking and everyone else listened ; 
therefore, there was no effective pro- 
gram, only the personal effort and con- 
tacts of the safety engineer, and with 
1,000 men, his contacts were neces- 
sarily infrequent. We had to find a 
way whereby his effort and enthusiasm 
would be utilized and transferred to 
the first-line supervisor. It wasn’t that 
the foremen and lead men were neg- 
lectful, they just did not get enough 
material out of the bimonthly safety 
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meeting to carry them through the 
next 2-month period. 


Seven-Point Program 


After considerable discussion with 
safety engineers, other utilities and the 
management of the water system, a 
new safety program was developed. 
The safety meetings in the various dis- 
tricts at which the new program was 
announced were attended by some of 
top management in order that the per- 
sonnel would realize the support this 
program was receiving. Essentially, 
it consists of seven major points which 
will be described in detail. 


Point 1 


The foreman will conduct weekly 
trench-side or yard meetings on safety 
subjects. The meetings, held every Mon- 
day as soon as possible after arriving on 
the job, wili last 10-20 min, depending 
on the subject. The accident prevention 
section will furnish the topics and the 
necessary information to the foreman. 


This point is the most important of 
the safety program, because it places 
the entire responsibility of getting the 
message to the employee on the first- 
level supervisor. The safety engineer 
prepares the material, and by the use 
of mimeographed copies all foremen 
use the same subject matter. It is the 
responsibility of the safety engineer 
to provide interesting safety material 
written in a form readily understood 
by the field personnel. Below is a 
typical weekly safety talk to illustrate 
the types of subjects which are used. 


The subject for this week is “Hoists 
and Cranes.” 

1. If we’re using a hoist, we'll have 
one man give the signals. Nothing con- 
fuses an operator so much as having two 
or three men trying to tell him what 
to do. 
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2. If it’s your job to hook pipe, be 
sure your slings are in good condition 
and strong enough to do the job. 

3. If you are using a clamp, be sure 
it is free from grease and dirt and in 
good working order. Make sure it is 
fastened securely on the pipe, and then 
fasten the safety so that the pipe won't 
scissor out. 

4. Never swing a load over another 
man. Stop the operator until every man 
is in the clear. If men are in the trench, 
do not bring the load to the edge of the 
excavation until the men are in a position 
beyond all danger. 

5. Never attempt to catch or hold a 
length of pipe that appears to be slipping. 
It’s better to have a cracked pipe than 
a cracked back. 

6. If pipe is to be stored along a road- 
way or street, securely block each length 
separately. Not only our own men but 
children at play have been injured be- 
cause we did not securely block our pipe 
to keep it from rolling. 

7. If, in lowering, we knock out some 
of our timber, stop proceedings at once 
and replace the timber. Remember, the 
man in the ditch must be protected at 
all times. 

8. When lining up pipe in trench, keep 
your hands away from the ends. Never 
attempt to remove dirt from the pipe 
until you are positive chat the hoist man 
knows what you are going to do. 

9. Never stand directly in line with a 
suspended pipe. It may slide in the 
clamp or sling. 

10. Never take hold of a hoisting cable. 
You may lose your fingers by having 
them cut off between the cable and the 
block. 

Any comments ? 


The language and the _ sentence 
structure of the lessons are plain and 
to the point. The subject, “Hoists and 
Cranes,” is but one from an almost 
inexhaustible source that is part of the 
field work in a water utility organiza- 
tion. Many of the foremen read the 
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lessons; others read it over before the 
meeting and then talk extemporane- 
ously on the subject. Both methods 
have proved to be effective. 


Point 2 

The districts will hold five safety meet- 
ings a year at the same time as hereto- 
fore. The meetings will be devoted to a 
review of the accidents which have oc- 
curred in the past 2 months and a discus- 
sion of the weekly topics for the trench- 
side or yard meetings to be held during 
the following 8-9 weeks. The discus- 
sions at the meetings will be led by a 
field superintendent, and the safety engi- 
neer will act as an advisor and enter 
the discussions only when specifically 
requested. 


This is a very important point, and 
by this method the entire proceedings 
are directed by the line organization 
rather than by the safety engineer, who 
is a member of the staff organization. 
This one point of taking the meetings 
away from the safety engineer and 
having a field superintendent take 
charge had a great effect on the fore- 
men and lead men, making them aware 
that the promotion of the safety pro- 
gram was their problem. Upon the 
request of the field superintendent, the 
safety engineer advises the foremen on 
the most effective presentation of the 
material for the weekly meetings. 


Point 3 


The foreman or the lead man will in- 
struct every new employee assigned to 
his crew. This instruction will include 
the handling of shovels and pneumatic 
tools, correct methods of lifting, and any 
other crew function in which he will 
participate. A check list which indicates 
the instruction given will be filled out 
and signed by the new employee and the 
foreman. 


This point eliminated a great source 
of trouble. because it had been the 
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common practice for many new men 
injured on the job to claim that they 
had never been instructed. By this 
specific assignment to the foreman and 
a check list signed by the new em- 
ployee and the foreman, the claim of 
having received no instruction was 
eliminated. 
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it is only casually discussed among the 
men. Safety consciousness in the 
crews has developed to the point where 
the men suggest safety gadgets and 
eequipment, such as _ heat-resistant 
sleeves for use when pouring lead and 
the cutting of holes in shovels for use 
when handling wet adobe. 


Fig. 1. Crew Examining a Safety Board 


Point 6 of the Los Angeles safety program provides for these boards, mounted on 
the side of each truck. 


Point 4 

As soon as possible after an accident 
on the job, the foreman shall assemble his 
crew and, after hearing the account of 
the accident, explain to his crew why it 
happened and how it could have been 
avoided. The foreman will use these op- 
portunities to develop a safety-conscious 
crew. 

This idea has been very effective, 
because a group discussion of the acci- 
dent immediately after it happens al- 
ways impresses the crew more than if 


Point 5 


A committee in each district will re- 
view each lost-time accident. It will 
consist of the district superintendent, the 
field superintendent, the foreman, the man 
involved in the accident, and the safety 
engineer. The purpose will be to deter- 
mine, if possible, why the accident hap- 
pened and how it could have been pre- 
vented. The findings of the committee 
meeting will be reported on the “Fore- 
man’s Report of Investigation of Acci- 
dent” form. 
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This point has also made quite an 
impression on the foreman and his 
crew. Although the committee is only 
interested in determining causes and 
cures, the foreman and his men do 
not like to be part of it, because it is 
their lost-time injury that is being 
investigated. 


Point 6 


Each crew of four or more men will 
have a safety board mounted on the truck 
showing the number of man-days worked 
without a lost-time injury. The foreman 
or truck supervisor will change the totals 


every day. 


It is surprising to find the pride that 
each crew as a group takes in this ever- 
changing number that is posted on the 
safety board on the curb side of the 
truck (Fig. 1). As the man-day fig- 
ure increases, a rivalry develops be- 
tween the various crews, and when a 
man has a lost-time injury, his co- 
workers on the crew are very much 
upset. Teamwork has developed to 
the point where the men take care of 
each other, watching, advising, and 
helping to prevent accidents. 


Point 7 


A s?'ety plaque will be awarded to 
each crew working without a lost-time 
injury for 1 year. These plaques will be 
mounted above the safety board on the 
trucks. 


At the end of the first year, the top 
management appeared at the safety 
meetings and presented the plaques 
and certificates to the foremen. The 
impression on the men was very fa- 
vorable, and they appreciated the com- 
pliments and pats on the back. The 
presence of management at the meeting 
assured the foremen of their continued 
enthusiasm and support. 
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Results 


The new safety program has been 
in operation for over a year. From 
the very start, the first-line supervisors 
were cooperative and enthusiastic, be- 
cause they felt that this was a plan 
that would produce results. In a very 
short time there was a decided down- 
ward change in accident frequency and 
severity rates, and with management 
voicing its approval of their enthusi- 
asm, the first-line supervisors re- 
doubled their efforts. The results 
were gratifying, and the record of the 
first year shows a 30 per cent drop 
in accident frequency and a 52 per cent 
drop in accident severity. In its sec- 
ond year, the effort further to reduce 
our accident rates is being continued. 

This seven-point safety program 
makes no mention of records and re- 
ports, because the procedures for 
maintaining them have been in opera- 
tion for many years. An organiza- 
tion starting a safety program should 
have a separate point dealing with ac- 
tive records and reports, because only 
by that method can the effectiveness 
of the program be determined. 

A system of bulletins on repetitive 
accidents, such as strains, sprains, and 
lead burns, is used to remind the em- 
ployees of injuries due to carelessness 
or neglect in the use of safety equip- 
ment. Continual repetition by an em- 
ployee of the same type of accident 
results in a warning of disciplinary 
action. 

In this type of program the promo- 
tion of safety becomes a part of the 
first-line supervisor’s direct responsi- 
bility besides giving him experience 
in leading group discussions. The “tail 
gate” meeting is not a new develop- 
ment, and the reason it has proved 
successful in the Los Angeles distribu- 
tion division is because the foremen 
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have been given the necessary material 
at the district safety meetings and are 
coached by the safety engineer. The 
cost of maintaining this type of pro- 
gram is no greater than before. It 
was just a matter of rearranging the 
responsibilities. 


Conclusions 


The ideas developed in this safety 
program may be used in any size of 
organization. Many water utilities are 
small and do not have enough employ- 
ees to warrant having a full-time safety 
engineer; nevertheless, the material 
necessary for first-level supervisor 
meetings is readily available. The 
AWWA has published a manual, 


Safety Practices for Water Utilities 
(1), which contains a wealth of safety 
information and program material. 


ALEXANDER C. RENER 
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By the proper use of the manual at 
foreman discussion meetings, a very 
adequate safety program can be or- 
ganized and maintained. The benefits 
of safe practices—both humanitarian 
and monetary—can be derived by a 
small as well as a large water utility. 
Tf the first-line supervisor is made 
to feel that the promotion of safety 
is his responsibility, and if he receives 
the proper backing and encouragement 
from management, there is every rea- 
son to believe that safety consciousness 
will become a definite part of every 
employee’s thinking. With that posi- 
tive attitude, accident frequency and 
severity rates will be reduced. 


Reference 
1. Safety Practice for Water Utilities—M3. 
Am. Wtr. Wks. Assn.. New York 


(1956). 
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Embankment Stability as a Factor in 
Adequate Sheeting and Bracing 


William S. Housel 


A paper presented on Sep. 27, 1957, at the Michigan Section Meeting. 
Detroit, Mich., by William S. Housel, Prof. of Civ. Eng., Univ. of 


Michigan, Ann Arbor, Mich. 


IS article deals with that phase 

of sheeting and bracing which is 
related to the stability of vertical banks 
or trenches and the forces to which 
such vertical faces are subjected. It 
will be further limited to the forces act- 
ing on relatively shallow trenches in 
which the shearing resistance of the 
soil is sufficient to prevent sliding in 
the usual sense. Such excavation is 
involved in the everyday digging of 
trenches for sewers, water lines, or 
other facilities. To the uninitiated, 
such shallow excavations would appear 
to present no problem; as a result, the 
great bulk of such miscellaneous dig- 
ging is done with little, if any, engi- 
neering control or supervision. Con- 
trol and supervision are also frequently 
inadequate on larger projects where 
one ordinarily might assume that re- 
sponsible charge would be vested in 
construction men of experience, fully 
aware of the physical forces with which 
they were dealing. 

Relatively shallow trenches or cuts 
can be deceptively dangerous because 
the soil may be very difficult to dig and 
have high resistance to shearing dis- 
placement. The fact that the soil may 
stand unbraced for considerable pe- 
riods of time contributes to the appear- 
ance of safety and, as a result, many 
excavations in such materials are left 
without support until a serious acci- 


dent occurs. Even then, the occur- 
rence often is accepted as an unavoid- 
able accident or act of God, and the 
demonstration that physical laws have 
been violated passes with little atten- 
tion or benefit to future practice. 
Scarcely a week passes in any large 


- city without a headline reporting seri- 


ous injury or, more probably, loss of 
life in a cave-in. Although no statis- 
tics have been prepared for this pres- 
entation, it can be noted that this type 
of accident occurs in every community 
with such frequency that it is hard to 
understand why it is not segregated in 
construction accident statistics. 


Use of Model 


The study of earth forces acting on 
any vertical face cut in the soil mass 
is the first phase in the development 
of procedures for designing bracing 
systems for heavier excavations. An 
understanding of the nature of these 
forces can be obtained from studies 
of gelatin models (1). Such a device 
is shown in Fig. 1 where the model 
has been cast between two glass plates 
with the vertical face on the left com- 
pletely supported by a wooden bulk- 
head. A grid has been etched on the 
glass plate to assist in studying the 
form of the failure surface and cer- 
tain stress patterns which develop 
when the vertical support is removed. 
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Pig. 1. Gelatin Model Used in Experiments 


The squares faintly visible on the glass 

plate provide a coordinate system useful 

in the study of the stress patterns the 
form of the failure surface. 


In Fig. 2, the vertical support has been 
removed and, between the glass plates, 
the gelatin—which serves as the model 
embankment—has subsided and bulged 
considerably although no failure or im- 
pending failure is apparent by visual 
examination. 

In making the series of illustrations 
shown, the temperature was allowed to 
rise slowly to decrease the consistency 
of the gelatin mass. Under such con- 
trolled conditions, the embankment 
failure developed very slowly and made 
it possible to take a series of revealing 
consecutive photographs. In Fig. 3, 
the primary slide failure is quite ap- 
parent from the separation of a por- 
tion of the gelatin mass as a result oi 
tension developed at the top surface. 
The tension crack shows a depth of 
about two units of the coordinate sys- 
tem used. As the failure progresses, 
‘a portion of the gelatin mass with a 
width of approximately half the height 
rotates in a counterclockwise direction 
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Fig. 2. Model With Support Removed 
From Vertical Face 


Gelatin has subsided, but no failure is 
yet apparent. 


about the toe of the vertical face and 
falls forward toward the simulated ex- 
cavation. As this takes place, the ten- 
sion crack deepens and destroys both 
the temporary tensile force which 
originally held the mass intact and, 
along the failure surface, the shearing 
resistance which had prevented the 


Fig. 3. Primary Slide Failure 


Tension crack appears at top, about two 
units deep. 
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mass from sliding downward into the 
excavation. 

When the shearing resistance and 
its associated overturning moment has 
been destroyed, however, the rotation 
of the sliding mass stops and the un- 
stable mass slides down the failure 
surface into the excavation (Fig. 4). 
Figure 5 shows the condition in which 
the mass came to rest. The sliding 
surface itself is also faintly discernible. 

One of the reasons for using gelatin 
in such a model study is that the solidi- 
fied gelatin has sufficient photoelastic 
properties that it can be used to obtain 
an actual picture of the stress pattern 
that is developed under such a loading 
condition. While the gelatin was still 
in the semielastic state, photoelastic 
techniques were employed to get a 
series of photographs of the stress pat- 
tern. It may be recalled that when 


polarized light is passed through a 
stressed transparent solid, interference - 
fringes are developed which form a 
series of dark or colored bands—de- 
pending upon whether monochromatic 
light or white light is used. Each of 
the dark bands represents a surface 


Pig. 4. Sliding of Unstable Mass 


Action occurs after rotation of sliding 
mass stops. 
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Fig. 5. Sliding Mass at Rest 
Sliding surface is faintly discernible. 


of constant shearing stress. Photo- 
graphs made of the model in this field 
of light show the fringe pattern which 
gives a picture of the actual stresses 
that have been developed. 

In Fig. 6, the three circular insets 
are fringe patterns that were photo- 
graphed in the indicated position and 
which show the dark band (along a 
shearing surface) which represents the 
potential failure surface in the vertical 
embankment. These photographs indi- 
cate the general form of the failure 
surface which, mathematically, has been 
found to be a parabola. It also shows 
that at the toe of the embankment this 
surface of maximum shearing stress 
leaves the vertical surface at an angle 
of approximately 45 deg. Figure 7 is 
an enlargement of the lower inset at 
the bottom of the bank, again showing 
the dark band marking the 45-deg 
angle of shear failure at the toe of the 
embankment. 

As will be shown, the wedge-shaped 
portion of the soil mass involved in the 
primary slide separates at the hori- 
zontal surface at a distance from the 
shoulder of the original mass of half 
the height of the vertical face or the 
depth of the excavation. Figure 8, a 
photograph of a high embankment in a 
placer-mining operation after this pri- 
mary slide has taken place, shows the 
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general contour of the failure surface 
which still remains. Careful observa- 
tion of the scars left by such mass dis- 
placements reveal the parabolic sur- 
face—with a height twice the hori- 
zontal distance from a control point— 
which is a fairly common feature in 
mountainous terrain where progressive 
embankment failures have taken place. 
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shown by a dashed line which makes 
a 45-deg angle with the vertical face 
at the toe of the embankment and is 
perpendicular to the horizontal surface. 
In order to simplify the mathematics 
involved, the parabolic failure surface 
has been replaced by two straight lines, 
one representing the 45-deg angle of 
failure on the lower half of the mass, 


Fig. 6. Fringe Photographs Superimposed on Model 


Insets show surface of maximum shear stress. 


Analysis of Failures 


Attention may now be turned to a 
mathematical analysis of the types of 
failure which take place in an unsup- 
ported vertical face in a cohesive earth 
mass. In Fig. 9, a diagram of the 
wedge-shaped portion of the mass in- 
volved in the primary slide or failure 
is shown. The parabolic surface— 
which is the true failure surface—is 


the other representing the vertical sur- 
face on the upper half of the mass. 
This simplification is convenient in 
dealing with the forces that are in- 
volved in the mass stability and repre- 
sents an approximation that departs 
from the more exact mathematical 
treatment by less than the probable 
error in evaluating the shearing re- 
sistance of the soil and other factors 
in such a problem. 


| 
| 
| 
® 


Feb. 1958 


The maximum shearing stress on the 
failure surface would occur on an ele- 
ment of mass at A, the bottom of the 
vertical excavation where the lateral 
pressure is zero and the vertical pres- 
sure on the element is a maximum. 
The loading conditions at A are such 
that the principal planes or planes of 
maximum and minimum normal pres- 
sure are the vertical and horizontal 
planes. Using the well known rela- 
tionship between principal pressure 
and maximum shearing stress from the 
strength of materials, it is calculated 
that the shearing stress, f, along the 
45-deg failure surface is equal to half 
the difference in principal pressures: 


f = — Pr) 
where /, and p, are the principal pres- 
sures. At A, where the lateral pres- 
sure is zero, the shearing stress, which 
is a maximum, is equal to half the ver- 


tical pressure at a depth equal to h— 
the depth of the excavation: 


f= 0) = 


where w is the weight per unit vol- 
ume. When this maximum shearing 


Fig. 7. Enlargement of Fringe Photograph 
Shear plane of 45 deg is clearly indicated. 


SOIL MECHANICS AND BRACING 


Fig. 8. Typical Failure Surface 


View is of a piacer mining operation 
after primary slide has taken place. 


stress is equated to the shearing re- 
sistance of the material due to cohe- 
sion, the critical depth of excavation 
or the maximum unsupported height 
is found—when f, = S,—to be twice 
the shearing resistance divided by the 
weight per unit volume of the soil: 
2S. 
w 
where ho is maximum unsupported 
height and S, the shearing resistance. 
It should be noted that the problem 
under consideration is one of mass sta- 
bility in a cohesive earth mass or any 
mass which has cohesion. Obviously, 
purely granular material will not stand 
unsupported on a vertical plane or face. 
The next portion of the problem 
(Fig. 9) involves a determination of 
the horizontal distance, x, at which 
such a failure surface would cut the 
horizontal surface of the unsupported 
mass. In this determination a strip 
element of mass close to the horizontal 
surface of the ground where the failure 
surface is substantially vertical is se- 
lected as a free body. The forces act- 
ing on the mass at this depth, y, in- 
clude the pressure of the overlying 
material which is transmitted directly 
downward by the element; the shear- 
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by 


by 


p,=0 
A 
Fig. 9. Diagram of Portion of Mass in 
Primary Slide 


Dashed line shows true failure surface. 

Toe of embankment is at lower right, 

horizontal surface at top. Shaded por- 

tion is strip element selected as free body 
for calculation. 


ing stress, f, acting at one end of the 
element ; and the weight of the element 
itself. Equating these forces and solv- 
ing for the distance, x, it is shown 
that the horizontal distance from the 
shoulder or control point to the failure 
surface of the primary slide—when 
f = S.—is equal to half the depth of 
the excavation. 


wxdy = fdy 


x = fw 

S. ho 

This relationship between the con- 
trolling dimensions of the primary slid- 
ing wedge has been verified almost in- 
numerable times in connection with 
construction operations involving sub- 
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surface excavation. It is remarkable 
how accurately this ratio of 0.5:1 can 
be observed under field conditions in 
all types of soils which have cohesion. 

Although Fig. 9 shows the general 
stress conditions in a soil mass adja- 
cent to a vertical face, it does not com- 
plete the solution of the problem. Fur- 
ther investigation involves a study of 
the primary sliding wedge as a free 
body and a determination of the forces 
which enter into the static equilibrium 
of the soil mass. The first step in such 
an investigation is illustrated in Fig. 
10 which shows the distribution of 
stress along the failure surface when 


Fig. 10. Diagram of Primary Sliding 
Wedge as Free Body 
Distribution of stress along failure sur- 
face is shown. Depth of excavation, h, 
is less than or equal to, he, maximum 
unsupported height. 
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the depth of excavation is less than 
or equal to ho, the maximum unsup- 
ported height. The shearing stress at 
A is equal to the maximum shearing 
resistance mobilized and, as previously 
indicated, this is half the vertical pres- 
sure of the static head of earth. At 
B the shearing stress is only half the 
maximum shearing resistance of the 
soil or, again, half the static head of 
earth at B. When the lateral pressure 
on the vertical face of the triangular 
element is zero, representing uncon- 
fined compression of the vertical col- 
umn, equality of lateral forces on the 
element requires that the normal pres- 
sure be equal to the shearing stress. 
The average normal pressure, py, is 
equal to the average shearing stress, 
f., which in turn is equal to only three- 
fourths of the available maximum 
shearing resistance: 


2 who = 2 S. 


Under these conditions it can be shown 
that the two other equations of static 
equilibrium involving summation of 
vertical forces and summation of mo- 
ments are also satisfied: 


_ 25. 
w 


Ms = 0 


As a result there is no tendency for 
either vertical shearing stress or ten- 
sion to develop on the vertical plane 
BC. 

Figure 11 illustrates the forces 
which develop when the next incre- 
ment of shearing resistance along the 
45-deg shear plane is mobilized. This 
is accompanied by an increased depth 
of excavation, h,,, with the full shear- 
ing resistance, S,, brought into play 
along the plane AB. This additional 
shearing resistance may be repre- 
sented in the figure by the shaded tri- 


ho 
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angular area which is added to the 
shearing resistance and which makes 
the shearing stress at B equal to S,. 
The normal pressure along this face 
that is associated with the shearing 
stress is also equal to S,, making the 
average normal pressure along that 
plane uniform, with a value, Py, indi- 
cated as equal to the shearing resist- 


Pig. 11. Diagram of Mass With Full Shear 
on Plane AB 


Shaded triangular area represents addi- 
tional shearing resistance and normal 
pressure. 


ance, S,. The first result of the addi- 
tional shearing resistance represented 
by the triangular area is to create an 
overturning moment about A which, 
in the absence of any bracing, would 
tend to cause tension on the vertical 
face, BC. If this tension is assumed 
to vary according to a linear law, the 
maximum tension, ¢,, would be acting 
at C. Although such tensile forces 
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might be resisted in the soil as a tem- 
porary condition, it must be recognized 
that soil is inherently incapable of 
carrying tensile forces under practical 
field conditions. Shrinkage cracks 
caused by evaporation of soil moisture 
become permanent planes of cleavage 
which offer no tensile resistance ; other 
structural irregularities may produce 
the same effect. For these reasons, the 
equilibrium of the soil mass adjacent 
to the vertical face would have to be 
insured with external bracing to take 
the place of the tensile forces. 

The application of additional lateral 
force, in the form of either tension or 
bracing, necessitates a readjustment in 
the whole system of active forces if 
the three equations of equilibrium are 
to be satisfied. The first consequence 
of this readjustment, accepting the con- 
dition that the shearing stress on the 
45-deg plane could not exceed the 
shearing resistance, is an increment of 
normal pressure on plane AB which is 
assumed also to be triangular with an 
ordinate of zero at A, the center of 
rotation, and the maximum at B— 
furthest removed from the point of 
rotation. Under this distribution of 
the additional soi! reaction: t,, the ten- 
sion at C; F, the total lateral force 
required in the bracing; and M, the 
resisting moment about A, are derived 
in Fig. 11 as: 


te = 0.286 S. 
2 
p, = 9.204 Se 
w 
485 S? 


It may also be noted that under the 
equilibrium of this force system the 
depth of excavation may be increased to 
a value designated as h,, which is equal 
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to 2.86 times the ratio of shearing re- 
sistance divided by the weight per unit 
volume of the soil: . 


hn = 2.862 
w 
Although the lateral force required in 
the bracing, its moment about A, and 
the additional depth of excavation are 
not large, the example of Fig. 11 is 
mainly significant as an intermediate 
set of conditions representing the de- 


F, fs=Se 


Pig. 12. Diagram of Mass With Full Shear 
on Planes AB and BC 


Shaded area represents additional shear- 
ing resistance and normal pressure. 


velopment of one specific increment of 
mass reaction involving mobilization of 
full shearing resistance on plane AB. 
It is important to recognize that just 
as soon as the shearing resistance 
mobilized on this failure surface ex- 
ceeds that associated with the initial 
height, overturning moment becomes a 
factor, causing the tension in the soil 
at C. Failure to supply an external 
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force in terms of bracing to take the 
place of this uncertain tension invites 
failure of the embankment through 
rotation, an eventuality which is quite 
accurately described by witnesses of 
many failures of this type. This is true 
even though the depth of excavation 
may be relatively small and the shear- 
ing resistance of the soil—which would 
prevent sliding of this wedge—has 
been only partially mobilized. 

Figure 12 shows an example quite 
similar to that of Fig. 11, with the ex- 
ception that the magnitude of the 
forces involved has been increased by 
assuming that full shearing resistance 
will also be developed on the vertical 
plane BC. This represents a limiting 
case and the maximum resistance that 
can be realized against downward slid- 
ing of the primary failure wedge. So- 
lution of the equations of equilibrium 
establishes the magnitude of the tensile 
stress developed along the plane BC, 
the total horizontal force, the moment 
which would be required of the brac- 
ing, and the maximum depth of exca- 
vation, h,,, which can be made without 
exceeding the shearing resistance of 
the soil available to prevent downward 
sliding. Again the solution of the 
three equations for static equilibrium 
has been used to establish the limiting 
values of tension at C, total lateral 
force, the moment required in the brac- 
ing, and the numerical value of the 
increased depth of excavation, he: 


_ 2.282 
w 
9.45 


t. = 1.72 P, 


5.15 S, 
w 


Mr = 


Up to this depth of excavation the 
lateral bracing that is required could 
be limited to a single brace near the 
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top of the embankment located at the 
center of gravity of the tension triangle 
or the total horizontal force, F; <A 
single brace at this point would, of 
course, have to be accompanied with 
enough sheeting on the vertical face 
to distribute this concentrated force 
without exceeding the local resistance 
to lateral compression. If more than 
one brace is used, the center of gravity 
of the reactions in the brace would still 
have to be at the center of gravity of 
the tension triangle if the bracing sys- 
tem was to supply exactly the hori- 
zontal reaction, F;, and the resisting 
moment, Mz. Other bracing systems 
could, of course, be used with the cen- 
ter of gravity of the reacting forces any 
place along the face, but this would 
change the relationship between hori- 
zontal force and resisting moment 
which, in turn, would affect the distri- 
bution of normal pressure and possibly 
the shearing stress along the failure 
surface. The magnitude and distribu- 
tion of the forces necessary to provide 
mass stability can always be estab- 
lished for any system of bracing which 
might be used, relying simply on the 
elementary principles involved in the 
three equations of static equilibrium. 
In the solution of such problems, it 
should be kept in mind that there are 
only three equations, hence the un- 
knowns involved must be limited to 
three. This might require either set- 
ting the magnitude of the force applied 
in the bracing and working out the 
distribution of stress, which would then 
be imposed on the failure surface, or it 
may be necessary to make some rea- 
sonable assumption regarding the dis- 
tribution of stress on the failure sur- 
face and solve for the force in the 
braces as has been done in the several 
examples presented in this discussion. 
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Conclusion 


It seems highly desirable to empha- 
size that the main significance of the 
several examples of embankment sta- 
bility which have been discussed lies in 
the demonstration that tension is devel- 
oped in the soil mass under loading 
conditions which require only partial 
mobilization of the shearing resistance 
of the soil. This means that in rela- 
tively shallow excavations or trenches 
the soil mass along a vertical face be- 
comes unstable and may rotate and fall 
into the excavation long before the 
tendency to slide reaches a limiting 
value. Failure to recognize the signifi- 
cance and importance of the forces re- 
quired to maintain the stability of such 
a vertical face may account for the fail- 
ure to supply the necessary bracing in 
a large volume of minor excavations. 
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One must presume that the frequent 
occurrence of such accidents can only 
have resulted from the fact that a great 
many people who make such excava- 
tions or are concerned with them in 
any active way simply do not realize 
the elementary facts which have been 
the main subject of this paper. Under 
these conditions, it seems to rest upon 
informed engineers to see that these 
conditions are brought to the attention 
of those who may be in a position of 
responsibility and may be able to pre- 
vent such so-called accidents in the 
future. 


1. Harroun, D. T. Stability of Cohesive 
Earth Masses in Embankments. The- 
sis, Univ. of Michigan, Ann Arbor, 
Mich. (1941). 
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Tentative AWWA Standard for 


Liquid Chlorine 


Sec. 1—Scope 


This standard covers liquid chlorine 
for use in the treatment of water, sew- 
age, and industrial wastes. 


Sec. 2—Definition 


Liquid chlorine is the commercially 
available form of liquefied elemental 
chlorine gas. In liquid state, chlorine 
is amber colored and about 1.5 times 
as heavy as water. It exerts a vapor 
pressure varying with its temperature, 
from 0 psig pressure at —28.8°F to 


about 150 psig pressure at 100°F. At 
ordinary room temperature liquid chlo- 
rine exerts a pressure of about 90 psig. 
When the pressure is released, liquid 
chlorine vaporizes into a greenish- 
yellow gas, about 2.5 times heavier 
than air. 


Sec. 3—Requirements 

Liquid chlorine shall be supplied and 
shipped in cylinders, 1l-ton tanks, or 
single- or multiple-unit cars as speci- 
fied. Liquid chlorine shipping contain- 
ers shall conform to applicable regula- 
tions of the Interstate Commerce Com- 
mission. The containers shall be re- 
conditioned, maintained, and loaded in 
strict accordance with the latest edition 
of “Container Procedure at Chlorine 
Packaging Plants,” issued by the Chlo- 
rine Institute, Inc. 


Sec. 4—Impurities 


Chlorine shall be 99.5 per cent pure 
by volume as obtained from vaporized 
liquid chlorine, and suitable for the 
treatment of water, sewage, and indus- 
trial wastes. 

When present in excessive concen- 
trations, impurities such as bromine, 
nitrogen tetroxide, nitrogen trichloride, 
silicon tetrachloride, and sulfuric acid 
may cause operating difficulties or dan- 
gerous conditions.* 


Sec. 5—Sampling 


Samples shall be selected for tests 
from containers as follows: 

a. Cylinders. Three per cent of cyl- 
inders in each carload or less than 
carload, but not less than two cylinders, 
shall be taken at random. 

b. One-ton tanks. A sample shall be 
taken from each tank. 

c. Single-unit car. A sample shall 
be taken from each car. 

d. Multiple-wnit car. A sample shall 
be taken at random from at least one 
unit. 

When approved by the contracting 
officer, a sample of the bulk liquid 


* Research work is seriously needed to 
provide suitable analytical methods for deter- 
mination of these impurities and acceptable 
limits for their presence. When such re- 
search work has been successfully completed, 
appropriate limitations on these impurities 
will be added to this standard. 
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chlorine in the storage tank used exclu- 
sively for filling the smaller containers 
may be withdrawn and analyzed for lot 
acceptance prior to the actual transfer 
of material. 


Sec. 6—Inspection 


All containers shall be carefully ex- 
amined and any which show evidence 
of leakage, damage, or corrosion shall 
be rejected. Cylinders and 1-ton tanks 
having a pressure exceeding the vapor 
pressure of liquid chlorine shall be 
rejected. 


Fig. 1. Test Apparatus for Liquid Chlorine 


Letters refer to components described in 

text as follows: a, buret; b, filtering tube ; 

c, needle valve ; d, leveling bottle ; e, water 

bubbler; and f, pail with caustic soda 
solution. 


Sec. 7—Assay Test 


7.1. Specimens. Test specimens shall 
be obtained by drawing off chlorine in 
the liquid form, inverting the cylinder 
container or using liquid lines for 
tanks and cars. The liquid chlorine 
shall be passed through a suitable re- 
evaporating coil and the evaporated 
gas admitted to the test apparatus. 

7.2. Apparatus. The test apparatus 
shall consist of the following items con- 
nected as shown in Fig. 1: 

a. A buret such that 100 ml is con- 
tained between stopcocks which are 12 
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in. apart. The upper outlet tubes shall 
be 1} in. long and the lower outlet 
tubes shall have a total length of 3 in. 
and shall be bent 90 deg at the mid- 
point. The stopcock plugs shall have 
a 2-mm bore, and the outlet tubes a 
3-mm bore. The calibrated neck of the 
buret shall be made of 5-mm bore, 
thick-walled tubing with a capacity. of 
1 mil, subdivided to 0.02 ml, and every 
0.10 ml shall be numbered. Gradu- 
ations shall extend at least halfway 
around the circumference, except that 
every fifth mark shall extend com- 
pletely around the circumference. The 
graduated portion shall conform to US 
Bureau of Standards Circular C434. 

b. A filtering tube consisting of a 
6-in. length of }-in. iron nipple filled 
with glass wool. 

c. A needle valve with a }-in. cop- 
per tube extending from it to the bot- 
tom of the buret, there joined to one of 
the outlets by close-fitting rubber 
tubing. 

d. An aspirator bottle used as a 
leveling bottle. The bottle shall be con- 
nected to one of the outlets of the 
buret by means of heavy rubber tubing 
24 in. long. The tubing shall be wired 
to both the aspirator bottle and the 
outlet. 

e. A water bubbler for controlling 
the flow of chlorine. 

f. A pail filled with a solution of 
caustic soda for absorbing the chlorine 
gas from the bubbler. 

All connections shall be gas tight. 
The buret and all connecting systems 
shall be thoroughly cleaned and dried 
before testing. 

7.3. Preparation of buret. The 
stopcocks shall be given a thin, even 
coating of chlorine-resisting stopcock 
grease. The leveling bottle shall be 
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connected to one of the lower outlet 
tubes and the bottle then filled with 
clean, dry mercury. The lower stop- 
cock shall be adjusted to let a little 
mercury enter the buret, and it shall 
then be closed. The leveling bottle 
shall then be raised and lowered several 
times and the tube collapsed toward the 
leveling bottle to exclude air bubbles 
completely. The stopcock shall then be 
turned to allow the mercury in the 
buret to be discharged through the 
other outlet into a beaker. A second 
leveling bottle shall be attached to the 
second lower outlet, and the bottle shall 
be used to flush the buret thoroughly, 
first with Formula 30 alcohol* and 
then with benzene. After the buret 


has been flushed, the bottle used shall 
be disconnected, the buret thoroughly 
dried with clean, dry air, and the buret 
connected to the system. 

7.4. Procedure. The apparatus shall 


be connected to the test specimen sup- 
ply as shown in Fig. 1. The needle 
valve shall be closed and the stopcocks 
on the buret opened to allow the gas 
to flow through the buret to the bub- 
bler. The needle valve shall then be 
opened very slowly to allow the evapo- 
rated gas sample to pass through the 
apparatus at a rate of ten bubbles per 
second. Fifteen minutes at this rate 
is sufficient to purge the buret and fill 
it completely with the chlorine gas 
sample. When the gas buret is com- 
pletely purged and filled with the sam- 
ple, the lower stopcock shall be closed, 
the needle valve closed, and the upper 
stopcock closed. The valve and stop- 
cocks shall be closed as quickly as pos- 
sible in the above-mentioned order. 
The buret shall be disconnected from 


*A 10:1 ratio of ethyl alcohol to methyl 
alcohol (US Treasury Department formula). 
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the needle valve and the bubbler by 
removing the tubing from the outlets. 
The buret shall remain undisturbed for 
10 min at laboratory temperature, and 
then the upper stopcock shall be 
opened for an instant to bring the 
sample to atmospheric pressure. The 
buret shall then be removed from the 
ring stand and the lower stopcock 
opened to permit the mercury from 
the leveling bottie to enter the buret. 
The gas shall be kept under a slight 
pressure by having the mercury in the 
leveling bottle 2-3 in. higher than in 
the buret. The buret shall be shaken 
gently but constantly so that a fresh 
surface of mercury is exposed to the 
chlorine. The buret shall be shaken 
in such a manner that mercury does 
not enter the graduated portion until 
the body of the buret is completely 
filled. When the body of the buret is 
completely filled with mercury, the 
buret and leveling bottle shall be at- 
tached to a ring stand and the level of 
the mercury in the bottle adjusted to 
about the same height as in the gradu- 
ated portion of the buret. The surface 
of the mercury in the buret shall be 
kept moving slightly by pressing the 
connecting tubing between the thumb 
and fingers. If no further change in 
the height of mercury in the buret is 
noted after 10 min, the liquid surfaces 
in the leveling bottle and buret shall 
be brought to the same level and the 
volume of residual gas accurately 
noted. 

7.5. Calculation. The chlorine shall 
be calculated as follows: 


Per cent chlorine = 100— ml residual gas 


Sec. 8—Rejection and Retests 


When sample cylinders or units of 
multiple-unit cars fail to conform with 
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this standard, tests may be repeated 
using twice the number of cylinders or 
units previously sampled. When a 


l-ton tank or single-unit car sample 
fails to conform to this standard, tests 
may be repeated, using two additional 
samples from the same tank or car. If 
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samples fail to pass retests, the chlo- 
rine represented by samples shall be 
rejected. Containers filled with re- 
jected chlorine shall not be resubmitted 
unless full particulars are furnished 
concerning previous rejections and the 
measures taken to overcome the defects. 


Reducing Traffic Interference During Main Repairs 


Byron E. Payne 


From a discussion presented on Sep. 24, 
1957, at the Kentucky-Tennessee Section 
Meeting, Louisville, Ky., by Byron E. 
Payne, Chief Engr. and Supt., Louisville 
Water Co., Louisville, Ky. 


All are familiar with the problem of 
public impatience when it is necessary to 
cut a hole in street pavement to install 
or repair a main or a service. When this 
problem was aggravated by a recent 
main cleaning in Louisville, a simple 
little idea was developed which has par- 
tially solved the difficulties to the point 
that there are now very few complaints 
about traffic interruptions. 

Most of the pavement cuts are from 
3 x 4 ft to 4 x 6-7 ft. A group of 3-in. 
thick steel plates was purchased ranging 
from 4X 5 ft to 6X 10 ft in size. The 
edges of these plates are beveled, and 
holes have been drilled in them for han- 
dling. The plates are large enough so 
that at least 12 in. of pavement is covered 
on all sides of a cut. To prevent move- 
ment, two large flat-headed spikes are 
driven into holes drilled into the pavement. 

In practice, the pavement cuts are made 
in off-peak traffic hours. the excavated 
material hauled away. and the repair 
work accomplished. The hole is then re- 


filled with backfill sand, and the concrete 
slab is replaced. The plate is then put 
into place. When the concrete has been 
properly set, the asphalt paving crew re- 
moves the plate, replaces the asphalt, and 
also replaces the plate. When the asphalt 
has hardened, a crew removes the plate. 

The plates are handled by a power hoist 
mounted on a truck dispatched from pipe 
yard headquarters. Since the other utili- 
ties in the city are also using plates, each 
company marks its plates with its initials. 
bead-welded on the top face. 

The idea for the plates was developed 
by the Mayor’s Utilities Committee, a 
group of representatives from the engi- 
neering staffs of each of the utilities, the 
city Department of Works, and the Traffic 
Department, which meets once a month 
to discuss various problems of interest. 
A very useful spirit of cooperation and a 
better recognition of all utility problems 
has resulted from these meetings. An ex- 
ample of another idea developed by the 
committee is the exchanging of a daily 
work sheet. which shows the location of 
each construction crew of each company. 
so that all utilities can plan work more 
intelligently with less inconvenience to 
the public. 
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Water Is Your City's 
Best Salesman 


The quickest way to be beseiged with complaints is to 
allow odorous water to get through to your consumers. 
Such occurrences can be prevented by adequate dosages 
of AQUA NUCHAR, activated carbon. Odor concen- 
trations can be controlled within palatable limits by 
running periodic Threshold Odor tests throughout the 
day, and varying the carbon dosage accordingly. 


Our Technical staff will gladly, without obligation, give 
your plant a complete odor survey and recommend how 
and where AQUA NUCHAR can best be used to pro- 
duce palatable water. 


$OOD CARBON: GOOD WATER:GOOD WILL 
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How NEW is this Meter? 


it was built in 1913 . . . but it’s almost as new as 1957. Over the years, 
working parts have been replaced. Its performance matches every 
standard of modern metering practice. 

The parts used to repair this meter at its last overhaul are identical 
to those used in the latest Trident meters. They embody every thor- 
oughly tested advancement known to the science of metering. 


Designing modern parts to fit “old” meters has been a rigid Nep- 
tune policy for over 50 years. It is just one of the extra advantages 
that make Tridents a better buy . . . both for today and for the years 
fo come. 


NEPTUNE METER COMPANY 
19 West 50th Street, New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road, Toronto 14, Ontario 


Branch Offices in Principal 
American and Canadian Cities. 
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The honeymoon is apparently over 
for the engineer; at any rate, by the 
close of 1957, practically all signs indi- 
cated that the end of the postwar 
“shortage” if not actually on hand was 


at least in clear sight. Even the fact 
that it was a drop in demand that 
brought the end so suddenly in sight 
does not mean that it is only a mirage, 
for, as Fortune pointed out in calling 
“The Turn in the Engineer Market” in 
its December 1957 issue, there was a 
lot of “water” in industry’s demand for 
engineers that was squeezed out with 
the leveling off of business activity and 
the greater availability of engineers re- 
sulting from layoffs in the aircraft in- 
dustry and a reduction in calls to mili- 
tary duty. The fact that industry is 
less likely now to hoard the engineer 
doesn’t mean that it doesn’t treasure 
him, however, for during 1957 the 
average starting salary rose to a record 
$470 per month, and recruiting, though 
undoubtedly more discriminating, was 
no less general. Similarly the fact that 
engineer help-wanted columns declined 
in length and that fourteen young engi- 
neers actually found it necessary to 
hire a room to recruit employers at the 
New York ASME meeting in Decem- 
ber hardly meant that everyone—and 
particularly water utilities—had all the 
engineers required. Nor, fortunately, 


did the shock of finding an unemployed 
engineer cause any pause in the efforts 
of EJC’s Engineering Manpower Com- 
mission, the Scientific Manpower Com- 
mission, the federal science agencies, or 
Ike, himself, to encourage the training 
of more engineers and scientists, for 
the need for engineers is expected to 
continue to outgrow the need for addi- 
tional workers in other fields at just as 
rapid a rate from now until 1965 as it 
has since the war. 

If the honeymoon is really over, how- 
ever, this may well be the time for 
water utilities to step in and offer the 
comforts of a quiet married life. Par- 
ticularly to some of those who have 
been the “water” in industry engineer 
stockpiles, the challenge and responsi- 
bility of a job that requires full and 
full-time application of engineering tal- 
ents ought to be particularly appealing. 
This is not to say that we ought to give 
up the struggle for a dowry that will 
let us compete with industrial sirens on 
their own terms. Until we get it, how- 
ever, the promise of celebrating some 
anniversaries ought to have a special 
appeal to the best of disillusioned for- 
tune hunters. 

Yoo-hoo! En-gin-eeee-er! 


A honeymoon just began in New 
Jersey, meanwhile, despite the end of 
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a shortage, when, on Dec. 27, Governor 
Meyner signed into law a pair of bi- 
partisan bills that were the first steps 
of a 2-year legislative program to build 
new reservoirs that will fortify the wa- 
ter supplies of the highly industrialized 
northern metropolitan area. This 
union of Republican and Democrat on 
the water supply issue following many 
years of political obstructionism came 
after the rains that brought an end to 
this year’s crisis of empty or near- 
empty reservoirs. Despite the reprieve, 
however, it was apparently obvious to 
both parties that each new drought has 
brought them closer and closer to ca- 
tastrophe—and that catastrophe is poor 
politics. Before their honeymoon is 


over, much can, of course, go wrong. 
But having already picked Round Val- 
ley and Spruce Run as the names for 


their first- and second-born, the two 
are certainly off in the right direction. 
And a lot of thirsty North Jersey god- 
fathers will no doubt be ready with 
their ballots if either sues for divorce. 


The 4th EJC Nuclear Engineering 
and Science Congress will be held at 
the International Amphitheater in Chi- 
cago, Mar. 17-21, 1958, in conjunc- 
tion with an extensive exhibit titled 
“Atomfair.” This event will afford an 
excellent opportunity to obtain the lat- 
est information on various aspects of 
atomic energy. 

More than 200 papers are scheduled 
for presentation. Session 35, to take 
place Friday morning, Mar. 21, will 
deal exclusively with subjects of di- 
rect interest to water utility personnel. 
The papers tentatively listed for this 
session are: 

1. “Studies of Radioactivity in the 
Chicago Water Supply’—James C. 
Vaughan, R. W. Schmidt, Alfred 
Tenny, and Arthur Shor. 


2. “The Adsorption of Radioactive 
Substances on Waterborne and Con- 
solidated Materials’—F. B. Barker. 

3. “Cross Connections: Their Pre- 
vention and Control in the Y-12 Plant 
of Union Carbide Nuclear Co. at Oak 
Ridge, Tenn.”—Gustave J. Angele. 

4. “A Field Test of the Movement 
of Radioactive Cations Through an 
Underground Formation”—B. B. Ew- 
ing. 

5. “Radionuclides in Reactor Cool- 
ing Water—Identification, Source, and 
Control”—Dade W. Moeller, George 
W. Leddicotte, and S. A. Reynolds. 

6. “Laboratory Chemical Coagula- 
tion Studies on the Removal of Fallout 
and Radioactivity in Waters”—Lloyd 
R. Setter and Helen H. Russell. 

7. “The Use of the Gamma Spec- 
trometer for the Identification of Radio- 
nuclides in Water’”’—G. Richard Hagee. 
Abraham S. Goldin, and Conrad P. 
Straub. 

8. “The Sensitivity of Counters for 
Measuring the Beta Activity of Water” 
—G. Richard Hagee, Abraham S. 
Goldin, and Lloyd R. Setter. 

9. “Some Methods for the Deter- 
mination of Radionuclides in Water in 
Low Concentrations’—Bernd Kahn 
and S. A. Reynolds. 


Down with ‘water superintendent,’ 
we said last October (P&R p. 38): 
down with “telegraph superintendent” 
echoed the Western Union Telegraph 
Co. a month or two later—only their 
echo was louder than our voice for it 
was in the form of an order retitling all 
local superintendents throughout the 
nation “district managers,” which the 
company feels “reflects more accurately 
the high-level stature of the job.” 

Rise ye potentates of the public weal, 
rise ye lords of salubrious liquid, throw 
the super out! 


(Continued on page 46 P&R) 
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A high-rate, solids-contact water 
softener and ciarifier — proven in 
hundreds of successful installations. 


Write for Reactivater Bulletin WC-103A 


Municipal Department: M-411 


GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mig. Co., inc. 


216 West 14th Street, New York 11, N. Y. 
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Do-it-yourself water supply isn’t 
as unusual as it may sound. After all, 
the 13,000,000 home well supplies, 
serving approximately 5.4 bgd to sub- 
urbanites, exurbanites, and just plain 
country folk have to be classified as 
such. Actually, though, it isn’t until 
going down where the water is safe is 
impractical that doing it yourself really 
involves some doing. Of course, if 
you happen to have some hydrogen, 
oxygen, a jigger, and a shaker around, 
you can always, as a New Jersey 
housewife during the recent drought 
proposed, produce water. As a matter 
of fact, by using a 2:1 ratio, putting in 


a lot of ice, and letting the stuff stand 
around in a warm room, you can usu- 
ally get a pretty cool drink of water 
if you time it just right. But for 
people who don’t have the time to go 
through this procedure for their 60 
gpd, two new gadgets have been de- 
signed : 

First, for those who have a pond, 
lake, stream, spring, or even an un- 
approved well within reach, AWWA 
member Russell Culp of the Kansas 
Health Dept. has just devised a home 
water purifier capable of treating up to 
1,500 gpd, using chlorination, coagula- 


tion, sedimentation, taste and odor re- 
moval, and rapid sand filtration. The 
unit (see cut), which measures 2 X 74 
x 74 ft and weighs 700 lb empty, is 
built to sell for from $500 to $800. In 
removing “bacteria, turbidity, algae, 
iron, manganese, taste and odor, and 
other undesirable substances,” the semi- 
automatic device produces a water that 
will meet the USPHS drinking water 
standards for bacteriological quality. 
Operation cost, as determined on the 
pilot plant now operating in Russ’s 
basement, works out to less than 5 
cents per 1,000 gal treated. Tentative 
manufacturing arrangements have been 
made, but as yet no sales and service 
outlet has been found. 

Then, for those in coastal areas who 
have access to sea or brackish waters, 
Dr. Kenneth C. D. Hickman, working 
through Aqua Stills, Inc., of Rochester, 
N.Y., has designed a home vapor com- 
pression still capable of turning out 500 
gpd of fresh water from sea water. 
Entirely automatic and no larger than 
a washing machine in size, this “baby” 
version of the commercial still that 
Hickman designed for the Dept. of 
Interior will sell for from $1,500 to 
$300, depending upon the quantities 
manufactured. In turning out a clear, 
odorless, safe drinking water from the 
briny, Hickman’s “baby” is said to use 
less electricity than a home laundry. 

What with equipment like this avail- 
able, water utilities will do well to look 
to their franchises. Given any such 
good reason as continual sprinkling 
bans or inadequate pressure, do-it- 
yourselfers may one day decide to do, 
leaving the public water system as just 
another piece of fire department equip- 
ment. In other words, do unto cus- 
tomers as they would do unto them- 
selves unless you would that they do 
unto themselves! 


(Continued on page 48 P&R) 
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OUTDOOR METER 
SETTINGS 


With a Ford Coppersetter, or a Ford 
Linesetter, you can eliminate as many 
as six pipe joints, two risers, four ells, 
one pipe coupling, one meter coupling 
and possibly a valve. In so doing, you 
raise your meter from 3” to 36” above 
your service line, depending upon the 
model used. Positive alignment is main- 
tained when meters are changed. 


Copper and bronze construction add 
extra years of life. Hydraulic efficiency 
is improved. 

The economy is obvious ... . and the 


savings are real. Send for free catalog. 
It contains complete information. 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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A United Engineering Center, to 
house the headquarters of the na- 
tion’s leading engineering societies, is 
planned for construction in New York 
City. The building, a 20-story tower 
surrounded by lower structures and 
landscaped grounds (see architect’s 
sketch above), will be located at 
United Nations Plaza, First Avenue 
between 47th and 48th streets. The 
Center, with occupancy planned for 
1960, will replace the present Engi- 
neering Societies Building at 29 W. 
39th St., which has been made inade- 
quate by the tremendous growth of 
engineering in the past 50 years. 

In addition to office space, the new 
building will include the Engineering 
Societies Library, exhibition space, an 
engineering hall of fame, and meeting 
and dining rooms. Also planned are 
a number of centrally operated serv- 
ices to facilitate the work of the various 
societies. In all, there will be about 
250,000 sq ft of floor space. 

In charge of the project is United 
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Engineering Trustees, Inc., a manage- 
ment organization set up by the five 
founder societies—ASCE, AIMMPE, 
ASME, AIEE, and AIChE. Eleven 
other societies, including AWWA, 
have been invited to occupy the build- 
ing. The total membership of these 
sixteen groups exceeds 250,000. 

The Center is expected to cost about 
$10,000,000, half of which, it is 
hoped, will be contributed by business 
and industry. An Industrial Build- 
ing Fund Committee has been organ- 
ized, with Herbert Hoover and Al- 
fred P. Sloan Jr. as honorary chairman 
and vice-chairman, respectively. The 
fund-raising campaign will continue 
throughout 1958, under the chairman- 
ship of Mervin J. Kelly, president of 
Bell Telephone Labs. ; campaign treas- 
urer is John J. McCloy. The project 
has been endorsed by many distin- 
guished scientists, educators, and in- 
dustrial executives. 

Architects for the Center are Shreve, 
Lamb & Harmon Assocs. Engineers 
for the planning stage are Jaros, Baum 
& Bolles; for the structural stage, 
Seelye, Stevenson, Value & Knecht. 


A conservation piece, indeed, is the 
sad story of Mrs. Gladys Gale of Oak- 
land, Calif., whose husband sued her 
for divorce last December merely be- 
cause she tried to save some water 
Actually, it wasn’t that Mr. Gale in- 
sisted that she waste water, it was just 
that he wasn’t conservation-minded 
enough to accept water saving as a 
legitimate excuse for Mrs. Gale’s tak- 
ing a bath with Air Force Sergeant 
George Holt, even though he knew that 
“the hot water supply at their cabin in 
the Mariposa—Big Tree area was ‘lim- 
ited.’” It is understood that there is 
no limit to the hot water in which 
Mrs. Gale finds herself now. 


(Continued on page 50 P&R) 
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¢ Modern Improved Design 
* Designed for the Man in the Ditch 

* One Third Aighter 

| © Easier to Handle 
* Easier to Operate 
* Speedier Operation 

¢ Use with Any Standard Make of Stops 
* See for Yourself What it Will Do for You 


MODEL B 
ALUMINUM 
ALLOY 
TAPPING 
MACHINE 


HAYS MANUFACTURING CO. 
the Water ERIE, PA. 


Works 


f 
® 
MACHINE ROUNDW 
CURB 
Join the A. W. W.A 7 - 
WATER WORKS PRODUCTS 
HAYS is one of the eleven — PRO 
4 
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The coffee break, which seems more 
and more to be that period of the work- 


ing day which is occasionally inter- 


rupted by work, has apparently been 
spreading so rapidly that even our cof- 
fee buyers haven’t been able to keep 
up with it. Thus, though the price of 
a cup of coffee has been boosted at 
least once since 1949, coffee ain’t what 
it used to be. According to Charles 
G. Lindsay, manager of the Pan-Amer- 
ican Coffee Bureau, “people have wa- 
tered down their coffee from the rich 
full-flavored brew they made in 1949, 
when one pound made about 46 cups, 
to the weak, brown water of today, 
which is made at the astonishing rate 
of 64 cups to the pound.” 

We, who like our coffee black and 


(Continued from page 48 P&R) 
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our water clear, have long since broken 
with the break, but, on the whole, as 
the brew has grown weaker, the de- 
mand has grown stronger. That could 
be because it now requires more coffee 
to produce the equivalent caffein, of 
course, but more often, we'd guess, it 
is time rather than caffein that is of 
the essence. Meanwhile, just how un- 
deniable the demand can become has 
been well illustrated on a repair job on 
the elevated tank at Assaria, Kan. 
Crew members, who spent 8 hr per 
day on the job in the tank, insisted on 
morning and afternoon coffee breaks. 
As each coffee break involved their 
climbing out of the tank, down the 
ladder, walking two blocks to a cafe, 
drinking their weak, brown water, and 


deJarnette, Carl N. Brown, Paul Weir, Robert E. Stiemke, and 

Daniel A. Okun) are shown at Atlanta, Ga., where they met to 

choose the 1958 awardee. Their selection was James D. Goff, of 
Dallas, Tex. 
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ALCO steel mains with high-carrying coal- 
tar-enameled inside surfaces help New Y ork 
City distribute over a billion gallons of 
water per day. 


Kansas City, Missouri, will be depending 
on this ALCO electric-welded steel pipe well 
into the twenty-first century. 


STEEL PIPE THAT WILL OUTLIVE A MAN 


One hundred years is a long time. Yet that 
is the estimated minimum life of ALCo electric- 
welded steel pipe in water-supply installations. 
Because of the strength of steel and the pro- 
tection of coal-tar enamel, steel pipe lasts 
longer and maintains its high carrying capacity. 

Municipal engineers know from experience 
that ALco electric-welded steel pipe is built 
to absorb vibration, impact and overloading 
and provide trouble-free, efficient service for 
many decades. Its smooth, coal-tar-enameled 
inside surface assures maximum rate of flow. 


| ALCO 


Not only is first cost low, but installation 
of ALCO steel pipe is fast and economical. Sec- 
tions up to 40 ft in length are light weight 
and require fewer field joints. Breakage during 
shipment or installation is virtually impossible. 

Sizes of ALCO electric-welded steel pipe range 
from 20 to 120 inches in diameter and from 
Y{ inch wall up. For your next piping system, 
specify the pipe with the longer life. For more 
information, contact your nearest ALCO sales 
office or write for brochure to: ALCo Products, 
Inc., Dept. 131, Schenectady 5, N. Y. 


ALCO PRODUCTS, INC. 


NEW YORK 


SALES OFFICES IN PRINCIPAL CITIES 


LOCOMOTIVES - DIESEL ENGINES - NUCLEAR REACTORS + HEAT EXCHANGERS 


SPRINGS - STEEL PIPE - 


FORGINGS - WELOMENTS - 


OIL FIELD EQUIPMENT 


¥ 
a4 
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Hold That Underline 


To the Editor: 

Why not underline all illustration ref- 
erences in the text of technical articles? 
On looking through a journal, you are 
intrigued by some subject matter and say 
to yourself, “My, what a purty graph! 
I wonder what it means?” Or, maybe, 
it is a table. It seems interesting; the 
title is nice, but what has the author to 
say? So you try to find what useful in- 
formation may be embalmed in Fig. 1 
and Table 8. If you read the text, you 
might as well start at the beginning, 
and this is slow work. If you focus on 
capital F’s and 7’s and numerals, a 
whirly feeling may take over. I just 
think that Figure 1 and Table 8 are easier 
to find than “figure one” and “table 
eight,” and that the present custom is not 
too helpful. 


CLARENCE R. HENRY 
Miami, Fla. 
Nov. 18, 1957 


The editorial staff, perhaps much more 
than the reader, has an interest in being 
able to pick out these references—par- 
ticularly in working on the makeup of an 
article. But despite the very real help 
that a means of making the references 
stand out would be, we feel that it is un- 
desirable as well as impractical. 

In the first place, the underlining of 
letters in linotype composition involves 
the use of special type and expensive 
hand work. The same effect can, of 
course, be achieved by the use of bold- 
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face, but even the setting of boldface to- 
gether with the regular typeface of the 
Journal would require the use of special 
“mixing” machines for composition. The 
printer has one or two of these, but it 
would not be practical to set the entire 
text of the issue on them. It would be 
practical to use italic, but the fact that the 
italic letters are actually lighter would not 
make the references much, if any, easier 
to see, and it would make them harder to 
read. We do find that the use of arabic 
numerals makes the figure and table num- 
bers a lot easier to spot than if the num- 
bers were spelled out, and, of course, in 
most articles reference to figures and 
tables will appear on the same page or 
quite close to the illustrative material 
itself, thus making the search not too 
difficult. 

On the count of wundesirability, our 
first objection to either boldface or under- 
lining or even any large amount of italics 
is an aesthetic one. We try to keep the 
Journal page as attractive as possible, and 
the addition of a sprinkling of dark and 
light type, or underlining that would make 
the space between lines uneven, would 
not, we feel, contribute to that end. But 
we think, too, that we do not want to en- 
courage readers to spot-read our illus- 
trative material, for many of them can 
be misled by doing so. The “purty 
graphs” should attract, but we want our 
readers to go back to the beginning and 
see how they fit in—or at least to turn to 
the conclusions and see what the author 
thinks he has proved. 

Despite our disagreement in this case, 
we could wish that more of our members 
would give us the benefit of their view- 
points on style and format.—Eb. 


One More Waiter 


To the Editor: 

In reading your October issue (P&R 
p. 50) I was especially interested to note 
your “Hurry Up and Wait” item as we 
have one here on Public Works magazine, 
too, though not so much wait. Our I. 
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WORTHINGTON - GAMON 


WATCH DOG 


METERS 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 


performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
2% SOUTH STREET, NEWARK 5, NEW JERSEY 


— 


AR 


OFFICES IN ALL PRINCIPAL CITIES 


Feb. 1958 
The meter used by 
ees 
thousands of munic- 
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James Barger within the past month or 
so received a Bronze Star for distin- 
guished service with the 13th Armored 
(Black Cat) Division in the ETO back 
in 1944. 

W. A. HARDENBERGH 
New York, N.Y. 
Nov. 30, 1957 


In congratulating colleague Barger, we 
wonder if we have misread significance 
into the fact that it took just 13 years 
for the 13th to honor a Black Cat.—Eb. 


HRH for HOH 


To the Editor: 

Your story of “HOH for HRH” in 
December’s P&R (p. 54) caused me to 
do some thinking on this matter and to 
conclude that there is nothing wrong with 
the water plants of Ottawa or Toronto 
and that, if the Queen were actually a 
visitor at the plants in these cities, her 
security officers would permit her to drink 
the water in question. But one must 
realize that even with good safe waters, 
there is room ’twixt the faucet and final 
recipient for trouble; thus, the Queen’s 
security officers must have insisted that 
sealed bottles of water be brought to the 
table and opened there, not to take any 
chances. 

The Ottawa and Toronto water plants 
are not set up to bottle water, so they 
would naturally have to appeal to some 
bottling plant such as Coca-Cola or 
Canada Dry. These plants would be 
using Lake Ontario water after it had 
already been taken from the lake by the 
Toronto water works, coagulated, filtered, 
chlorinated, dechlorinated, etc., and was 
in fact a normal city water; but the bot- 
tling plant would put it through its second- 
ary filters, containing carbon, to make 
sure that it had no residual turbidity or 
residual tastes and odors. I doubt that all 
this was done in regard to the bacterio- 
logical safety of the actual city waters 
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but was really done to prevent any anti- 
royalists from putting something into the 
water after it had left the water tap. 

All of the Toronto soda pop people use 
Toronto city water. Coca-Cola through- 
out the world always uses local city wa- 
ters but, if in doubt about the “bugs,” re- 
chlorinates and refilters. Here in Brant- 
ford Coca-Cola gave up rechlorination 
due to the great sterility of our water but 
does soften and does refilter just to make 
sure that no stir up of the mains will 
cause turbidity. I am sure the Queen 
drank Toronto city water after it had 
been merely put through secondary filtra- 
tion at a bottling plant, bottled, and then 
officially sealed—just for table-side se- 
curity. Back home in Buckingham Pal- 
ace, I imagine that if she were in the 
kitchen she would just grab a glass and 
go at it the way that you and I would, 
and I am sure that her husband and kids 
would do the same thing. In this in- 
stance I am sure that the Canadian se- 
curity guards were protecting their own 
reputation more than they were protect- 
ing the Queen. 

Meanwhile, Queen or no Queen, she is 
a very nice girl and she stands very high 
among us water works men in that she 
at least drinks the stuff that is essentially 
our bread and butter. She is always on 
hand to open up new water works schemes 
in Britain, and her husband is an honor- 
ary member of our British opposite num- 
ber, the Institution of Water Engineers, a 
group that he is constantly identified with, 
due to his interest in science and indus- 
try. So, as AWWA members, we can 
count them on our side. 

D. B. WILLIAMs 
Brantford, Ont. 
Nov. 7, 1957 


If Don Williams’ speculations are cor- 
rect, our concern about the lack of dis- 
infectant is cleared up. Amd we cer- 
tainly agree with Don that a queen who 
appreciates water is really a queen !—Ep. 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 
Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 


Water Works, Water Purification, Flood 
ief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 


145 Bast 32nd Street, New York 16, N. Y. 


ASSOCIATED STRATIGRAPHIC 
SERVICES 


Departments 
Consulting service — ground water evaluations 
and advice 
Geophysical well logging — electric and gamma 
ray intensity 
11950 San Vicente _* W. Foster, Con- 


physics and Geology, 


Bowe, Albertson & Associates 


Engineers 
Water and Sewage Works 
Industrial Wastes— Refuse 


of Construction 
and Operation—Valuations 
Service 


75 West Street New York 6, N.Y. 


AYRES, LEWIS, NORRIS & MAY 
Consulting Engineers 

Louis E. Ayres 

Grorce E. Lewis 

Sruart B. Marnarp Homer J. Harwarp 

Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


B. E. Whittington 
John Adair, Jr. 


taff 
H. L. Fi T. A. Clark 
C. A. a R. E. Owen 
T. R. Demery 
Civil, Structural, Sanitary, Municipal, Electrical 
West Palm Beach, Florida 


BLACK & VEATCH 
Consulting Engineers 
1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BROWN AND CALDWELL 
Civil and Chemical Engineers 


‘ater. re Ted Waste 
Chemical and Bacteriological Laboratories 


66 Mint Street Sam Francisco 3 
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City Planning, Highways, Bridges and Airports : 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates : 
Three Penn Center Plaza Philadelphia 2, Pa. 
Cumrton L. Bocert Frep 8. 
Ivan L. Bocert Donatp M. Drruans 
Rosert A. Lincotn Caries A. Mancanaro 
Martin 
Water & Sewage Works Refuse Disposal ; 
vrainage Flood Control 
Highways and Bridges Airfields 
Brockway, Weber & Brockway 
Engineers, Incorporated 
George S. Brockway E. Weber ; 
George R. 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
Warer Suppty—Sewace Disposat— 
Hypravuic DeveLopMENTs 
Reports, Investigations, Valuations, Rates, 


Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—lIncineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURGESS & NIPLE 
Consulting Engineers 

(Established 1908) 
Water Supply, t t 
Sewage and industrial wastes disposal 

Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 
Columbus 12, Ohio 


at 
distr 


2015 W. Fifth Ave. 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, 
Central 4-0127 


Indiana 


BURNS & McDONNELL 
Engi 's—Architects—Consultants 
Kansas City, Mo. Phone 
P.O. Box 7088 DElmar 3-4375 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 
360 BE. Grand Ave. Chicago 11 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Benner 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 
E. R. Cotton P. B. Streander 


G. A. Gieseke H. G. Damon 
I. J. Silverstone 


Water Supply, Water Purification 
Treatment 
use posal 
55 Caroline Road 
Gowanda, N.Y. 


132 Nassau Street 
New York 38, N.Y. 


CAMP, DRESSER & McKEE 
Consulting Engineers 
Water Works, Water Treatment, 
Sewerage 


DE LEUW, CATHER & COMPANY 
Consulting Engineers 

Public Transit Subway: 

Traffic & Parking Railroad Facilities 

Expressways Industrial Plants 

Grade Separations Municipal Works 

Urban Renewal Port Development 


150 N. Wacker Drive, Chicago 6 
San Francisco Toronto Oklahoma City 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 

Pa. 


Rochester, N. Y. Dallas, Texas 


ENGINEERING 
DEVELOPMENT CoO. 
J. O. Jackson, Chief Engineer 
Elevated Tank and Standpipe Design 
Foundation Design 
Welding Design and Investigations 
Painting Bpecification and Compliance 
Telephone Amherst 4-5593 
P. O. Box 249 


Pa. 


Flood Control 
Investigations, Reports, Design 
a Supervision, Research, Development 
= 
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Fay, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FINKBEINER, PETTIS & STROUT 


Car.erton 8. Finxsetner E. Perris 
K. Srrovut 


Consulting Engineers 


Reports, Designs, Supervision, 
ih Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


WILLIAM F. GUYTON 
& ASSOCIATES 


Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. 
in 1, Texas 


ustin 
Phone: GR-7-7165 Phone: JA-2-9885 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 


Houston, Texas 


Industrial and Municipal Engineering— Water 
peng and Purification—Sewerage and Indus- 
tria aste Treatment—Highways and Struc- 
tures — Dams — Drainage V ts gal Airports— 
Investigations—Valuation— Design and Super- 
vision. 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 
260 Godwin Ave. 

Wyckoff, N.J. 


FROMHERZ ENGINEERS 


Structural—Civil— Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage ; Structures ; 
Yrainage ; Foundations 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


& Industrial Wastes — 

iydraulies 

Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studi 


1009 Baltimore Avenue Kansas City 5, Mo 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 


Water Works 
Industrial 


HAVENS & EMERSON 


W. L. Havens A. A. Burger 

J. W. Avery H. H. Mosevey 

F. 8. Patocsay E. 8. Orpway 
F. C. Consultant 


Consulting Engineers 
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— Airports— Bridgee—f 


Town Planning—A 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 


Investigations & Reports 
Harrisburg, Pa. Fo. Pa. 
Pittsburgh, Pa. Daytona Beach, Fla. 


Leader Bidg. 
CLEVELAND 14 


Woolworth Bidg. 
NEW YORK 7 


GERAGHTY, MILLER & 
HICKOK 
Consulting Ground- Water Geologists 


Location and Evaluation of Industrial 
and Municipal Ground-Water Supplies 


Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd Se. 
New York 17, N.Y. 


Phone 
OXford 7-5448 


HAZEN AND SAWYER 


Engineers 
Richard —— Alfred W. Sawyer 
E. Hudson, Jr. 
it and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd Street 3333 Book Bidg. 
New York 17, N.Y. Detroit 26, Mich. 
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ANGUS D. HENDERSON 
Consulting Engineer 


Water Supply and Sanitation 
Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07—-29th Ave. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
Ricuarp R. Kennepy Rosert M. Kennepy 

Investigation— Design 
Water Supply Water Purification 


Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 
Consulting Engineers 

W.W. Horner’ E. E. Bloss V. C. Lischer 

Water Supply—Airports—Hydraulic Engineer- 

ing—Sewerage—Sewage Treatment— Munici- 

pal Engineering— Reports 


Shell Building 


St. Louis 3, Mo. 


DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


153 University Avenue 
Palo Alto, California 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 

Inspection and Test at Point 

of Origin of 


Pumps, Tanks, 
Conduit, Pipe and Accessories 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 
Sewerage and Sewage Disposal, 
Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 
1392 King Avenue Columbus 12, Ohio 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Bighth St. Los Angeles 5, Calif. 


JONES, HENRY & 
WILLIAMS 
CVasulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


R. E. LAYTON & ASSOCIATES 
Consulting Engineers 


Hydraulic Structures 
Industrial an Waste Disposal- 


Draina, 
Investigations, Plans, and 
Specifications 


655 West Avenue 135th 
San Leandro, California 


HARRY J. KEELING 
Consulting Engineer 
Electrical— Mechanical—Corrosion 
Service 
radio items ; 
Special mechanical design problems ; 
Soil corrosion, Electro puis, 


Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue __Los Angeles 35, Calif. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 
Salt Water Problems 
Investigations 
Reports 
New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


810 S. Clinton St. a 
Chicago 7, Ill. 
and Principal Mfg. Centers eC 
le 
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METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 


Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 


Engineers 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


JAMES M. MONTGOMERY 
Consulting Engineer 
Water Supply—Water Purification 
wage and Waste Treatment 
Flood Control— Drainage 
Valuations—Rates 
Investigations— Design—Operation 
535 EB. Walnut St. Pasadena, Calif. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes ; Investi 


& Reports ; Design ; Supervision 
nstruction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


Nussbaumer, Clarke & Velzy, Inc. 

Consulting Engineers 

Sewage Treatment—Water Supply 
Incineration— Drainage 

Industrial Waste Treatment 
Appraisals 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


RADER AND ASSOCIATES 


Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 

Supervision of Construction and Operations 


ad E. 2nd Ave., Miami 32, Florida 
S Connecticut Ave. N. W. 
Washington 6, D. C. 


Apartado 4356 (Estacion ) 
Panama City, — 


THE H. C. NUTTING COMPANY 


Testing Engineers—lInspection Service 
Investigati Test Borings 
Soil Mechanics—Sewage Flows—Analysis 
Construction Control—Soil—Concrete 
Bituminous Pavements—Water Waste Survey 
Specifications—Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


stanptost and Industrial Water Purification, 
ae Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratori.s for Chemical Bac 
Analyses 


New York 55, N.Y. 
5-2424 


369 EB. 149th St. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


RIPPLE & HOWE, INC. 
Consulting Engineers 
Vv. A. Vaseen B. V. Hows 


Water Works Systems, Filtration and Softening 
— Reservoirs, and L , Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcoim Prante Ernest W. 
Rosert D. Cart A. ARENANDER 
Ma Prante, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25.W. 43rd Se. New York 36, N. Y. 


ROBINSON & ROBERTS 
Northwest's Pioneer 
Consulting Ground- Water Geologists 
Scientific Well Design 
Water Supply Problems 
Surveys & Reports 
Drainage Problems 
4603 South J Street Phone: GReenfield 4-6631 

Tacoma &, Washington If no ans. call: 
WaAverly 2-8188 
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RUSSELL & AXON 
Consulting Engineers 


Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 
Municipal and Industrial Engineeri 
Supply and Purification, Sewerage a 


Treatment, Highways and Geresteren, Reports, 
Investigations and Rate Structures. 


251 Bast High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway. Louisville 13, Kentucky 


, Water 
Sewage 


J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
37 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 B. Jersey Street 


Blizabeth 4, N. J. 


R. KENNETH WEEKS 
ENGINEERS 
Designers Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 B. Sewells Point Road, Norfolk 13, Va. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


South Caroline 


Greenville 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Water—Sewage—lIndustrial Wastes 
Stream pollution—Air pollution 


Surveys —Research—Development—Process 
neering — Plans and Specifications— 
ration Supervision—Analyses— 
Evaluations and Reports 


Newtown Square, Pa. 


SMITH AND GILLESPIE 
Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


WESTON & SAMPSON 
Consulting Engineers 
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Wuat Price Water? is a 12-page, 4x9-in. booklet that calls to the atten- 
tion of the reader the real value of public water supply. Comparing 1940 
prices of a number of other common items with today’s, it also presents a 
comparison of the 1940 costs of water works facilities with present ones as 
an indication that water rates must be boosted. Designed to fit in a standard 
No. 10 business envelope, the booklet sells at prices ranging from 10¢ to 21¢ 
per copy. Imprints of your name and address as well as your rate per 
thousand gallons or cubic feet can be provided on lots of 500 or more. Ask 
for sample. 


Willing Water Jewelry 


Since their introduction in 1954, the Willing Water jewelry items have been most popular 
as awards, gifts, and good will builders. Presenting a blue-faced Willie in full stride, the 
emblem has made a hit as a lapel button as well as a decoration on a number of jewelry items. Included in the list of 
items now available are: 


AW-1 Lapel Emblem (screw-back) .............. - AW-8 Shortie Tie Clip (rhodium plated alligator clip)$1.85 
AW-2 Lapel Pin (joint pin & safety catch) ar AW-9 Money Clip (rhodium plated) 
AW-3 Key = (spiral mesh chain and spring-lock ‘ AW-10 Cuff Links (rhodium plated disks) .. 


25 
AW-5 Zippo Cigarette Lighter (brush finish, boxed)... 3.15 


Willing Water Service Buttons 


Coewed The popularity of Willing Water lapel emblems has led to the design of a special button 

for recognition of tenure. The design shown at the left was prepared on the request of the 

Alliance, Ohio, Water Department, which now uses the service buttons. It is now available 

to you, with your company name engraved on it. Minimum order is 25 buttons or pins. On such an order a die charge 

of $17.50 is made for inserting your company name. The pins (with joint pin and safety catch) or buttons (with 
screw-back) are priced as follows: 


Bronze .... 
Sterling .. 


Gold filled 


The minimum quantity (25) may be assorted as to years of service and as to metal used. Please specify clearly the 
number of each type required with pins (for female employees) and with screw backs. 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 
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Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. If the pub- 
lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


AQUATIC ORGANISMS 


A Study in the Chemical Control of 
Aquatic Vegetation. M. M. BoscHertrt. 
Sanitalk, 5:21 (’57). In 1953, program of 
aquatic weed control was initiated by Mass. 
Depts. of Public Works, Public Health, and 
Natural Resources. Aim is to discover 
chems., which, as well as having herbicidal 
properties. will be safe, economical and easy 
to handle. Field trials show that sodium ar- 
senite, which is relatively harmless in dild. 
form, is promising in control of submerged 
aquatic weeds. Another chem. which shows 
favorable results is algicide 2,3-dichloro-1,4- 
naphthoquinone (Phygon) but this does not 
affect root system. In addition to field 
trials, lab. expts. to study effects of herbi- 
cides on various aquatic plants and bioassay 
studies for evaluation of acute toxicity of 
certain herbicides to fish and mammals, will 
be carried out—WPA 


Plankton in River Water to be Used as 
Water Supply. P. MANceEREL. Quarterly 
Bul., Centre Belge Etude et Document. Eaux, 
36:105 (’57). General discussion of plank- 
ton problems in river water which will be 
treated for water supply use with special 
reference to conditions in France. Charts 
are presented comparing plankton contents 
at 11 stations on Marne R. in spring of 1954 
and 1956 and autumn 1956. Similar data are 
given for Seine and Yonne R. using autumn 
1953, winter 1955-56, and autumn 1956 as 
comparison seasons—PHEA 


The Enumeration and Collection of Ma- 
rine Phytoplankton. R. W. Hotmes 
T. M. Winric. J. Conseil Intern. Exploration 
Mer. (Den.), 22:21 (’56). Statistical meth- 
ods were used to study precision with which 
abundance of marine phytoplankton can be 
detd. in sample by Utermohl sedimentation 
method. Adequacy of sampling methods to 
give accurate estimates of phytoplankton 


content and distr. in relation to areas under 
investigation was evaluated. Certain con- 
cepts emerging from studies are discussed in 
regard to best way in which to sample and 
enumerate marine phytoplankton —WPA 


The Relation of Photosynthesis by Phyto- 
plankton to Light in Lakes. W. T. Ep- 
MONDSON. Ecology, 37:161 (’56). In study 
of productivity of Bare Lake, Alaska, data 
were evaluated by means of extensive calcns. 
made using published measurements of rate 
of photosynthesis by phytoplankton in rela- 
tion to light intensity and penetration of 
light into water. Anal. of published data 
and derivation of generalized computations 
for use in limnological studies are considered 
in detail, and examples of application to spe- 
cific lakes are described —W PA 


Some Relations of Faunal Distributions 
to Salinity in Estuarine Waters. G. 
Gunter. Ecology, 37:616 (’56). Study 
was made from 1951 to 1953 of lower Mer- 
mentau R. basin in La. In marsh in lower 
part of basin there are 2 lakes, Grand Lake 
and White Lake, through which river runs. 
Both lakes are weakly saline and not given 
to rapid changes in salinity. Numbers, and 
number of species, of fresh-water animals 
decreased markedly from Grand Lake through 
White Lake to Little Bay, although differ- 
ences in avg. salinity were small. Numbers 
of marine animals did not differ much in 2 
lakes, but were considerably greater in bay. 
In all 3 areas, marine species predominated 
over fresh-water species in both species and 
number of specimens. Effect of low salini- 
ties on distr. of estuarine animals is dis- 
cussed—_W PA 


The Problem of Plant Disappearance in 
Hydrogen Sulfide: Oscillatoria Lakes. E.- 
M. Burscue. Z. Fisch., N.F. IV, No. 1/2, 
53 (’55). Type of lake known as hydrogen 
sulfide: Oscillatoria lake occurs frequently 


(Continued on page 66 P&R) 
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Add to these benefits of 


Cyanamid Alum 


e Maximum adsorption of suspended and colloidal 
impurities 

e Forms floc rapidly—coagulates in wide pH range 

@ Uniform feed—and a purity that minimizes equip- 
ment corrosion 


the extra advantages of 


Liquid Alum 


e Easy unloading—no bags—compact storage—and 
turn-of-the-valve handling 

e Consistent concentration that permits automatic 
metering, accurate gauging 

e Cleaner—more efficient operation—greater flexi- 
bility with less man power 

@ Quick pay-off on dry-to-liquid conversion because 
of lower costs. 

...and let Cyanamid help you with technical service based 

on long experience with and liquid alum installations. 

service from 9 shipping points, in bags, tank cars 
or tank trucks. 


CYANAMID 
AMERICAN CYANAMID COMPANY 


Heavy Chemicals Department 
30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
In Canada: North American Cyanamid, Toronto and Montreal 
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in neighborhood of Berlin and was regarded 
by earlier observers as subtype of eutrophic 
lake. These lakes are characterized by mass 
development of Oscillatoria redekei and O. 
agardhii, and by scarcity of submerged 
plants. Author carried out investigations to 
test supposition that this scarcity was caused 
by low penetration of light. 3 lakes of this 
type and 2 normal eutrophic lakes were 
studied. Quant. and qual. detns. of plankton 
were made, surface and submerged plants 
were examined, light penetration was meas- 
ured, oxygen, hydrogen sulfide, and acid- 
combining capac. were measured, and tests 
were made for presence of iron, nitrogen, 
sulfate, and phosphate. Penetration of light 
was found to be generally greater in hy- 
drogen sulfide: Oscillatoria lakes than in 
normal eutrophic lakes and scarcity of plant 
growth must be ascribed to antagonistic 
action of Oscillatoria redekei-WPA 


Importance of Concentration of Plankton 
and Their Quantitative Determination in 
Surface Waters. B. « H. 
STEINECKE. Vom Wasser (Ger.), 22:72 


(55). Discussing importance of plankton 
in surface waters from point of view of 
water supply, authors deal with effects of 
plankton on filtration of water and with 
plankton as cause of taste and odor. Types 
and conens. of plankton causing taste and 
odor are given. Influence of plankton on 
oxygen content of water may improve its 
qual. Methods of detn. of concn. of plankton 
by means of plankton net, sand filters, and 
membrane filters are then described and il- 
lustrated, and statistical anal. of results is 
described —_WPA 


CHEMICAL ANALYSIS 


Determination of Bromine and Iodine in 
Natural Waters. T. A. GOoNCHAROVA. 
Gidrokhim. Materialy (USSR), 23:138 
(55). Detailed procedure is given for titri- 
metric detn. of bromine and iodine in water. 
Conens. as low as 1 wg can be detd. with 
error of 7%.—WPA 


The Complexometric Determination of 
Calcium in Natural Waters With the Aid 
of Murexide as Indicator. N. G. FEsenxo. 
Gidrokhim. Materialy (USSR), 23:158 
(55). Detailed procedure is given for com- 
plexometric detn. of calcium with Trilon B, 


using Murexide as indicator. Interference 
is caused by copper, manganese, and zinc, 
and by iron in concns. greater than 15 mg/l. 
Synthesis of Murexide from uric acid is 
described—_W PA 


Measurement of the Content of C-14 in 
Hard Ground Water. K. O. Muwnicu. 
Naturwissenschaften (Ger.), 44:32 (’57). 
Observations of unexpectedly high content 
of carbon-14 in lime of fossil bones led to 
study of content of carbon-14 in ground wa- 
ters. Results are given for ground water 
from various pumping plants in neighborhood 
of Heidelberg. Content of carbon-14 was 
again unexpectedly high, showing that car- 
bon of biogenic origin was higher in propor- 
tion to that originating in limestone than 
had been assumed. Exchange processes by 
which biogenic respiration carbon dioxide 
enters ground water and possibility of some 
carbon-14 coming from recently deposited 
limestone are discussed—WPA 


Chemical Analysis by Ultraviolet Filter 
Photometer. II. Determination of Small 
Amounts of Chloride. T. Kato «& K. 
Surnra. J. Chem. Soc. Japan, 77:245 (’56). 
Concn. of chloride ions of less than 100 
ug/ml of water will react with silver chro- 
mate, liberating equiv. amt. of chromate ions 
which can be detd. by ultraviolet filter pho- 
tometer at 405 mp. Sample of 50-70 ml 
water is treated with 5 ml M ammonium 
acetate and 300 mg silver chromate and 
made up to 100 ml. Soln. is filtered and 
0.25 ml 4 N aq. ammonia soln. is added to 
portion before measuring extinction. Opti- 
mum pH value for reaction is 5.3-7.5, and 
for extinction measurement 7.6-10.8. Pres- 
ence of aluminium, iron, bromide, iodide, 
sulfide, thiocyanide, lead, and barium, will 
interfere with this method—WPA 


Absorptiometric Determination of Low 
Concentrations of Chlorides. J. S. Swarn. 
Chem. & Ind., p. 418 (’56). Available meth- 
ods for detn. of low concns. of chlorides are 
evaluated as to their suitability for rapid 
and accurate anal. of chloride content of 
boiler waters and boiler-feed waters. Most 
promising method was found to be that of 
IwasakI, Utsumi, and Ozawa, using ferric 
alum and alc. soln. of mercuric thiocyanate 
and detg. ferric thiocyanate color formed by 
means of absorptiometer. Investigation of 


(Continued on page 68 P&R) 
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Actual results show 


IRON REDUCTION 


to .15 ppm 
even on excess loading 


Installation of ‘‘American" Ferrofilters and 
“American” Double Suction Split Case Pumps 
at Columbus, Indiana Water Plant « Consulting 
Engineers, Henry B. Steeg & Associates, Inc., 
Indianapolis, Indiana. 


Independent tests and observations of ‘“‘American’”’ Ferrofilter 
operation at the Columbus, Indiana water plant show reduction to 
.15 ppm on 1.8 MGD loading/filter. (Units are rated 1.5 MGD.) 
Even on excess loading of 2.6 MGD/filter with all six wells on, 
iron reduction was still getting down to .2 ppm. 


The “American’”’ Ferrofilter is a contact filter that offers many 
advantages as a complete process or as a preliminary process—for the 
removal of iron, manganese, carbon dioxide, and other dissolved 
gases and odors, in one simple operation. It combines fundamental 
processes and design in an effective and economical treatment plant. 
Utilizes fine media in open aeration. Can be backwashed to remove 
any excess accumulation, leaving the filter in condition for 

another cycle. In most cases, it eliminates the need for 

a sedimentation tank or sand filter. 


Write for Bulletin No. 252B or for specific 
information relating to your application. 


Utilize our experience in 
engineering design and MERIC 
manufacture of field-proved 
equipment and pumps for 
water and waste treatment. 112 Nort North Broadway - oe Water Purification Equipment 
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method to det. optimum ratio of reagents 
and sample, influence of pH value, temp. and 
time, and effect of interfering substances is 
described, and procedure adopted for anal. 
of chlorides in concns. of 1-10 ppm and 1-100 
ppm is given. Results, of typical anals. are 
given in table, showing accuracy ‘of method 
to be within +1.0 ppm —WPA 


Iodimetric Dead-Stop Determination of 
Chlorine, and the Colorimetry of Chlorine 
in Water Chemistry. J. Hortuta « H. 
Metssner. Z. Anal. Chem. (Ger.), 152: 
112 (’56). Procedure for detn. of chlorine 
conens. as low as 0.3 mg/l, with accuracy 
within +1%, is given. Blank of app. is 
detd. by immersing electrodes in very dil. 
sulfuric acid. Potential of 200 mv is applied 
and soln. is stirred for 30 min, during which 
time medium is changed several times. Cell 
is then refilled with 200 ml of sample, 20 ml 
of 0.1 N sulfuric acid and 10 ml of 2% po- 
tassiurn iodide soln. Stable zero value on 
galvanometer is essential. 2 ml of pre- 
viously standardized 0.001 N sodium thio- 


sulfate are added and mixt. is titrated with 
0.001 N potassium iodate. Usually 3 titra- 
tions are necessary for attaining a stable 
endpoint. Solns. standardized by dead-stop 
detn. were used to assess accuracy of 2 colori- 
metric methods for detg. chlorine, using o- 
tolidine and p-phenylenediamine respectively. 
Use-of p-phenylenediamine in the usual man- 
ner gives low results with concn. of 0.3 mg 
chlorine/I: and error increases with increas- 
ing concn: of chlorine. ‘ Use of o-tolidine at 
pH 0.3-1.7, and of potassium fluoride, per- 
mits detn., of 0.25-1 mg chlorine/1 in pres- 
ence of 10 mg iron/! with accuracy within 
+1%. 1 ml of 5% potassium fluoride is 
added to 70 ml of sample which is then 
added to soln. of o-tolidine at 20°C; 1-2 ml 
of concd. hydrochloric acid is then added, 
mixed and color is detd. after 1 min—WPA 


Catalytic Detection of Cyanide Through 
the Benzoin Condensation. F. Frici « 
A. Catpas. Mikrochim. Acta., p. 992 (’55). 
Authors describe method to detect cyanide 
through benzoin condensation. Test soln. is 
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6 Reasons why 


PALMER SURFACE 
WASH SYSTEMS 
are specified by 


water works engineers 
1. Prevent Sand Beds From Cracking. 
2. Eliminate Mud Balls, 
3. Save Wash Water. 
4. Lengthen Filter Runs. 
5. Higher Rates of Filtration. 
6. Better Tasting Water. 
TODAY FORMATION 


AMONG WATER WORKS MEN 


THE HEAVY-DUTY 


ELLIS 
PIPE CUTTER 


is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


Write for circular and price list 
No. 40J on our complete line of 
pipe cutting tools. 


ELLIS & FORD MFG. CO. 
2425 Goodrich Ave. Ferndale, Michigan 


Phone Lincoln 7-3600 
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UELLER 


IMPROVED CURB BOX 


Telescopic w section prevents damage to stop, line or 
box | loads . upper section held in any 
sition by strong phosphor bronze spring . . . allows for 
grade changes, settlement or frost heave . . . cannot be 
pulled out of base . . . bronze-bushed lid assures easy re- 
moval of access plug at all times . . . curb box completely 
coated with tar enamel . . . for stops in sizes from 
4" through 2” . . . lengths from 2’ through 10’... 
optional foot-piece centers stop and provides solid sup- 
port for curb box. 


INVERTED KEY CURB STOP 


Tapered key individually ground and lapped for perfect 
pressure-tightness . . . key seated by base cap water 
pressure . . . increase in water pressure automatically 
increases key-seating force . . . key is unseated for easy 
turning by tapping downward on shut-off rod . . . pressure 
instantly reseats key . . . combined cap and tee has accu- 
rate built-in check . . . all parts cast from finest water- 
bronze . . . various of inlets 
ets for any type, or t , of service pipe . . . sizes from 


H 


See your Mueller Representative, 
Catalog W-96 or write direct for ie a MUELLER CO. 


detailed information on Mueller’s 
full line of curb stops, curb boxes ts 
and related waterworks products. 


Factories at. Decatur, Chattanooga, Los Angeles. 
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treated with alk. benzaldehyde and mixt. is 
heated for 2-5 min on steam bath. 1 drop 
of o-dinitrobenzene in 5% benzene is added 
and heating is continued. In presence of 
cyanide, intense violet color develops in 0.5-3 
min. About 0.01 ug of cyanide can be de- 
tected at conen. of 1 in 5 x 10°°—WPA 


Detection of Cyanide Compounds in Wa- 
ters. K. Knre & H. Gams. Ost. Wasserw., 
8:282 (’56). Detection of comparatively 
high concns. of simple or unstable complex 
cyanides by titration with silver nitrate and 
preliminary treatment of solns. containing 
complex cyanides or in which chlorides are 
present, are described. Author then deals 
with detection of small quant. of cyanide and 
gives details of method described by Stumm, 
Woker, and Fiscner—WPA 


Determination of Fluorine in Water Sup- 
ply. H. Bencer. Zbl. Bakt., 163:312 (’57). 
Report of paper presented at meeting of the 
Osterreichische Gesellschaft fur Mikrobio- 
logie und Hygiene in Sep. 1956. Usual meth- 
ods for detn. of small amts. of fluorine in 


water, depending on color reaction with 
zirconium oxychloride and alizarin sulfonic 
acid, are not suitable for routine investiga- 
tions because of slow color development, 
strong dependence on time, and disturbance 


by interfering substances. Reaction with 
zirconium oxychloride and Eriochrome cy- 
anine in hydrochloric acid soln. is preferable. 
Color develops immediately and is stable for 
at least 24 hr, and considerably higher ex- 
tinctions are obtained with same concns. of 
fluoride. In amts. generally present, sulfate 
is only interfering ion; it can be removed by 
pptn. with barium chloride or its effect can 
be calcd. Lambert-Beer law applies over 
range 0-1.4 mg fluorine/l. Method is suit- 
able for natural waters without previous 
distr. Spectrum photometer with sufficiently 
small transmission width is necessary; reac- 
tion is not suitable for visual colorimetry. 
—WPA 


A Simplified Complexometric Method for 
Determining Hardness in Water. B. V. 
Donsxor. Energetik (USSR), 4:25 (’56). 
Mixed indicator for use in detn. of hardness 
consists of 2 g of ammonium chloride, 10 
cc of 25% ammonium hydroxide, 0.4 g of 
nitroxyl sulfide, and 4 cc of indicator soln. 


dild. to 100 cc with water. Indicator is 
stable for 10-12 hr, and 2.5-3.5 cc are added 
to 100-cc sample. Color may be estd. vis- 
ually, or soln. titrated with sodium ethylene- 
diamine tetraacetate —WPA 


A Spectrophotometric Determination of 
Iodine in Natural Waters. K. SuGAwara; 
T. Kayama; & K. Terapa. Bul. Chem. 
Soc., Japan, 28:494 (’55). Method is de- 
scribed for spectrophotometric detn. of iodine 
in natural waters. Iodine is first pptd. with 
silver nitrate soln., large amt. of silver chlo- 
ride acting as coprecipitant. It is then oxi- 
dized to iodate with bromine. [Iodate is 
treated with cadmium iodide, when 6 times 
amt. of iodine contained in original sample 
is liberated. This is detd. spectrophoto- 
metrically as starch-iodine complex.—WPA 


A Sensitive and Rapid Method for the 
Determination of Iron in Natural Waters. 
G. Atmassy & M. Z. Kavat. Magyar Chem. 
Folyoirat (Hung.), 62:325 (’56). In method 
for detn. of iron in natural waters, 0.5 ml 
of N nitric acid is added to 10-ml sample 
which is kept at 100°C for 5-10 min. Then 
0.5 ml of aniline reagent and 1 drop of 
bromophenol blue indicator are added, and 
pH value is adjusted to about 4.7 with 15% 
sodium acetate; 0.2 ml of dipyridyl reagent 
is added and soln. is kept in hot-water bath 
for 5 min. Light extinction is measured in 
Pulfrich photometer against blank of distd. 
water, and concn. of iron is detd. from cali- 
bration curve. If original water contains 
ppt., it must be be shaken well before 50-ml 
sample is taken. To this 0.5 ml of 20% 
hydrochloric acid is added, and soln. is fil- 
tered. Filtrate is then used as original sam- 
ple for method described above. Sensitivity 
is 30 ug/l1—WPA 


Determination of Iron in Tube Well 
(Underground) Water. S. N. Mirra «& 
P. B. Sarkar. Current Sci. (Ind.), 26:111 
(57). Water from some tube wells in 
India is clear when freshly drawn, but be- 
comes opalescent on standing as result of 
pptn. of ferric hydroxide. Iron so deposited 
usually adheres to sides of bottle and is not 
dislodged even when water is well shaken 
before anal. Thus detn. of iron in water 
only does not give accurate est. of total 
concen. of iron in well water. Authors have 
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MORE WATER FOR MIDLAND 


Armco Pipe feeds 


new 100-million-gallon reservoir 
at Midland, Michigan 


Midland, Michigan, is joining hundreds of other cities using Armco Welded Steel 
Pipe to meet increasing demands for water supplies. Shown here is the 36-inch- 
diameter Armco Pipe being installed for the inlet of Midland’s new 100-million- 
gallon reservoir. 

This reservoir is part of Midland’s continually expanding water supply pro- 
gram. Over the past eight years, nearly 30,000 feet of Armco Pipe in various 
diameters from 8% inches to 36 inches have been used to help meet the city’s 
néed for more water. 

Armco Pipe can help solve your water supply problems too. Write us for in- 
formation related to your particular requirements. Armco Drainage & Metal 
Products, Inc., 3188 Curtis Street, Middletown, Ohio. Welded Pipe Sales Division. 
Subsidiary of Armco Steel Corporation. In Canada: write Guelph, Ontario, 
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developed method to overcome this difficulty. 
Vol. of sample is measured, and concn. of 
iron in well shaken water is detd. by colori- 
metric thiocyanate method. Bottle is then 
emptied, rinsed gently with little distd. water, 
and about 5 ml of hot dil. hydrechloric acid 
are poured into bottle to dissolve iron de- 
posit. Soln. is then poured into beaker, 
bottle is washed out with distd. water which 
is added to acid soln. Soln. is boiled with 
coned. nitric acid, and concn, of iron is detd. 
colorimetrically. Iron in deposit is caled. as 
parts/100,000 of original sample, and result 
is added to previously detd. concn. of iron 
in water. Results obtained with this method 
agree well with concn. of iron detd. in 
freshly-drawn well water in which no depo- 
sition has occurred—_WPA 


Determination of Magnesium with Titan 
Yellow. A. Bussman. Z. Anal. Chem. 
(Ger.), 148:413 (’56). Titan yellow in alk. 
soln. (pH 12) is yellow-brown in color and 
gives with colloidally dissolved magnesium 
hydroxide red adsorption compd. which can 


be measured photometrically. Amt. of Titan 
yellow varies with range of measurement; 
for 0-50 ug of magnesium in 50 ml, 5 ml of 
0.01% aq. soln. of Titan yellow is sufficient. 
Soln. of reagent is stable if kept in dark at 
0°C. Alk. of sample is adjusted with 10 ml 
of 2 N sodium hydroxide. Interfering ions 
and their removal are described—WPA 


The Quantitative Analysis of the Alkaline- 
Earth Metals by Paper Chromatography. 
F. H. Potrarp; J. F. W. McOmre; « J. V. 
Martin. Analyst (Br.), 81:353 (’56). 
Paper-chromatographic procedure is de- 
scribed for quant. anal. of low concns. of 
mixt. of barium, strontium, calcium, and 
magnesium. Metals are separated as for- 
mates by downward elution on twin-strip 
chromatogram of acid-washed filter paper, 
with solvent consisting of methanol, iso- 
propanol, formic acid, water, and ammonium 
formate. They are extracted and detd. spec- 
trophotometrically, with o0-cresolphthalein 
complexone for barium, strontium, and cal- 
cium, and with Eriochrome black T for 
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LaMOTTE CONTROLS 


have served the Water Works En- 
gineer for more than 35 years. 


Have you sent for the latest booklet 
on this helpful LaMotte Service? 


For example— did you know that the 
LaMotte-Pomeroy Sulfide Testing 
Outfit determines accurately: 


Total Sulfides Dissolved Sul- 
fides « Hydrogen Sulfide in 
Sludges and Solutions «+ Free 
Hydrogen Sulfide in Air and 
Gases? « 


We will be happy to send full informa- 
tion on this and other LaMotte units 
used in the Water Works field. 


LaMOTTE CHEMICAL 


PRODUCTS COMPANY 
Dept. AWWA Chestertown, Md. 


1028 Cennecticut Ave., N. W. 
WASHINGTON 6, D. C. 
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NOW, YOU CAN 


Use @n 


L-P GAS BURNER 


THIS IS THE FASTEST MOST 
SUCCESSFUL THAWING 


Here is the most practical, most effective, thawing DEVICE KNOWN IN THE 


device ever offered the water field. Thaws water 
pipes, valves, hydrants etc., and removes grease, WATER FIELD .. . 
rozen mud or dirt from vehicles or machinery. 
Three gallon rustproof steam generator with safe- 
ty valve, 30 pound steam gauge, water 

gauge, 6 feet of steam hose with steel, insu- 

lated nozzle that can 

get into tight spots. 

Can be refilled with- 

out off 

burner. ight 95 

Ibs.—20 


cylinders always 
available. 
This is a must for the modern 
water works plant. Order your 
Write for our a at outfit today. We'll ship imme- 
catalog ab ey diately. Fully guaranteed. 


PIPE LINE EQUIPMENT 
ai Place your next order with POLLARD 


If it's from POLLARD . . . it’s the Best in Pipe Ling Equipment 


POLLARD ew PaRK+ NEw vorK 


964 Peoples Gas Building, Chicago, Mlinois 
333. Candler Building, Atlanta, Georgia 


PIPE LINE EQUIPMENT 
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magnesium. Method is particularly suitable 
for detection of small amts. of magnesium, 
which may be detd. in presence of 500-fold 
excess of calcium, with error of less than 
+2%—WPA 


The Spectrophotometric Determination of 
the Alkaline-Earth Metals With Murexide, 
Eriochrome black T, and with o-cresol- 
phthalein Complexone. F. H. «& 
J. V. Martin. Analyst (Br.), 81:348 (’56). 
Use of absorptiometric methods for detn. of 
low concns. of barium, strontium, calcium, 
and magnesium after their sepn. by paper 
chromatography, is discussed. Modified pro- 
cedures are given for detn. of calcium with 
Murexide and of magnesium with Erio- 
chrome black T, and new methods are 
described for detn. of strontium with Murex- 
ide and of barium, strontium, and calcium 
with o-cresolphthalein complexone-—W PA 


Determination of the Nitrate Ion in Wa- 
ter. R. Mutter & O. WipeMaNN. Vom 
Wasser (Ger.), 22:247 (’55). Authors de- 
scribe investigation into accuracy and con- 
ditions of application, in detn. of nitrate, of 
oxidation methods (diphenylamine-sulfuric 
acid and brucine-sulfuric acid) and nitration 
methods (sodium salicylate and phenol di- 
sulfonic acid). Taken into account for judg- 
ment of 4 methods were detn. of absorption 
sensitivity for different wave lengths, detn. of 
stability of color formation, detn. of color in- 
tensity with increasing concn., and suitability 
for purely visual examn. 2 oxidation meth- 
ods were unsuitable for use with photome- 
ter; variability of reagent solns. and of 
reaction colors made preparation of standard 
curve or of type solns. with constant color 
content impossible. Diphenylamine-sulfuric 
acid method is unsuitable for purely visual 
judgment and better results are not obtained 
with colorimeter. Brucine-sulfuric acid 
method was accurate with Dubosc colorime- 
ter but not with visual judgment. Results 
never reached precision of nitration method- 
ods. 2 nitration methods are regarded as 
ideal for operation with optical app. With 
clear water, single standard curve is accu- 
rate to +0.25-+0.5 mg/I, and results are 
reproducible. From point of view of sensi- 
tivity to interfering factors, sodium salicylate 
method is preferred; in suitable concns. purely 
visual determination gives accuracy of +0.8 
mg/1—WPA 


Determination of Nitrates in Aqueous So- 
lution. J. Uncar. J. Appl. Chem. (Lond.), 
6:245 (’56). Volumetric method for detn. 
of nitrate is described, utilizing decoloriza- 
tion of soln. of indigo carmine by dil. nitric 
acid in presence of strong sulfuric acid. 
Titrating soln. also acts as indicator. Some 
interferences and their circumvention are 
discussed, including that of nitrite. List of 
references is appended—_W PA 


The Determination of Nitrate in the Pres- 
ence of Nitrite in Dilute Aqueous Solu- 
tion. E. G. Wuire & K. A. Murray. J. S. 
African Chem. Inst., 9:66 (56). It is usu- 
ally considered that the most suitable rapid 
routine method for detg. nitrate in aq. solns. 
such as sewage effluent is colorimetric pro- 
cedure using phenol disulfonic acid; nitrite 
interferes in this method but cannot be read- 
ily destroyed without loss of nitrate. Elec- 
trolytic oxidation method using low current 
densities has been found to be satisfactory 
for oxidation of nitrite and this forms basis 
of new method in which nitrite is detd. by 
Griess-Ilosvay method and separate portion 
of nitrite is oxidized electrolytically to ni- 
trate which is detd. by phenoldisulfonic acid 
method. Difference between 2 values gives 
concn. of nitrate—-WPA 


p-Phenylenediamine Derivatives as Re- 
agents for Ultraviolet Absorptiometric 
Determination of Nitrite Ion. D. F. 
Kuremmet & M. G. Metton. Anal. Chem., 
28 :1674 (’56). Report is given of investi- 
gation made into use of diazonium salts of 
aromatic amines for ultraviolet absorptio- 
metric detn. of nitrite ion. Of amines used 
p-phenylenediamine derivatives were shown 
to be most sensitive; absorption maxima 
occurred in 330-380 mu region. Effect of 
nitrous acid on absorption spectra of p- 
phenylenediamine derivatives, effect of pH 
value and reagent concn. on spectra, and 
stability of diazonium salts and of reagents 
were examined, and mole-ratio studies were 
made. Chloro-p-phenylenediamine system 
was investigated in greater detail for repro- 
ducibility, reagent stability, and interference 
effects. Results are discussed, and advan- 
tages of method over other colorimetric 
methods for detn. of nitrite ion, involving 
separate diazonium coupling step, are given. 
—WPA 
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Trouble 
hasn’t 
a chance! 


with DARLING B-50-B hydrants 


ew a good close look at the Darling B-50-B 
design—the new ball bearing operated, pack- 
less, dry-top hydrant with O” ring seals—and you'll 
see what we mean! 

With this hydrant there's no concern about 
the maintenance or failure of packing, because 
there isn’t any packing! Moreover, water can't 
get to the operating threads to cause corrosion 
or contaminate the lubricant. And, just as the 
water stays owl, protective thread and bearing 
lubricant stays in. Likewise, at the main valve, 


Darling's positive, multi-port drainage and auto- 
matic flushing gives unmatched protection against 
freeze-ups. 

That's not all. Ball bearing design cuts needed 
operating torque in half... all of which adds up 
to the smoothest, fastest, surest hydrant perform- 
ance known today. 

So there's good reason to make Darling B-50-B 
hydrants your first choice. They are made in a wide 
range of standard types and sizes for any require- 
ment you can name. Write for Bulletin 5710. 


“TRADE 


<MaRK> 
DARLING VALVE & MANUFACTURING COMPANY 


Williamsport 23, Pa. 
Manufactured in Canada by The Canada Valve & Hydrant Co., Ltd., Brantford 7, Ont, 
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Rapid Determination of Nitrate Nitrogen 
in the Presence of Ammonia and Urea. 
R. M. Encetprecut & F. A: McCoy. Anal. 
Chem., 28:1619 (’56). Method is described 
for detn. of nitrate by reduction with ferrous 
sulfate and titration of excess ferrous sul- 
fate with potassium permanganate. Results 
are given for detn. of nitrate in presence of 
ammonium, potassium, sodium, chloride, sul- 
fate and phosphate ions, and in presence of 
urea, in which case sodium chloride is added 
to sample. Method is especially suited for 
est. of nitrate in mixed fertilizers, and is 
improvement over conventional methods in 
both anal. time and accuracy—WPA 


Determination of Dissolved Oxygen in 
Water. R. Fremer « G. Rescu. Z. Anal. 
Chem. (Ger.), 148:427 (56). By suitable 
modification, Winkler method for detn. of 
oxygen in water in presence of interfering 
reducing substances can be used for amts. 
down to 20 ug oxygen/l. Titration can be 
carried out without oxidation of iodide if 


pH value of 2.3-2.5 is maintained by addn. 
of acetate buffer soln. Sensitivity mentioned 
can be obtained by using 0.00625 N soln. of 
sodium thiosulfate and specially standardized 
reagent solns—_WPA 


The Determination of Dissolved Oxygen 
in Water Containing Reducing Substances. 
I. Davies; M. N. Reprearn; & D. E. Y. 
Remer. Analyst (Br.), 81:113 (’56). Ac- 
count is given of exptl. work undertaken to 
investigate use of ion-exchange columns for 
removal of substances interfering with detn. 
of D.O. in water by Winkler method. Pro- 
cedure was developed in which water to be 
tested was passed through column containing 
Amberlite IRA-400 resin converted to per- 
manganate form to oxidize ferrous and sul- 
fite ions, and then through demineralizing 
column before detn. of D.O. content. By 
this treatment Winkler test may be applied, 
without modification, to waters containing 
traces of reducing substances; sulfide inter- 
ference was not eliminated—_WPA 
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WHY take chances? 


ACCURATE pH, CHLORINE, 
_ FLUORIDE TEsTs 


precise control 


Fast, on-the-spot tests for pH, chlorine, 
fluoride made with Taylor Com- 
parators help you to quickly and 
accurately determine the exact amounts 
of chemicals needed to control coagu- 
lation, chlorination, fluo- 
ridation and corrosion. 
Easy, colorimetric tests 


GUARANTEED 


are made in minutes. Place treated 
sample in middle tube. Move color 
standard slide across until sample 
matches one of the standards. Read 
values right from slide. Complete 
water analysis only a little more 
detailed with the Taylor Water 
Analyzer. 


\\ Be sure to use only Tay 


W. A. TAYLO 


413 STEVENSON LANE @ BALTIMORE 4, ra 


only 


ies with Taylor Comparators to assure 


d guarantee against fading. 
SEE YouR DEALER for sets or immediate 

of Write direct for FREE 
HANDBOOK 


"Modern pH and Chlorine Control”. 
Gives theory control. 
Wustrates ond describes complete Taylor line. 


end applicotion of pH 


* 
q 
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Verti-Line 


BOOSTER 
PUMPS 


in 
MUNICIPAL & 
SERVICE 


This Suction-Cased Booster Pump is one of two Verti-Line units 
maintaining pressure in a city water system. 

It is a 60 HP pump, handling 1,000 GPM against 170 feet head. 
Installed in August 1953, it has proven highly satisfactory in per- 
formance — and has cut maintenance expense to the bone. 

Over 100,000 satisfied vertical pump users agree there’s no pump 
like Verti-Line for low first cost, economical operation, and negligible 
maintenance. 


Send for new brochure, “PUMPS FOR SALE". Ask for Bulletin EJ-28. 


IF YOUR NEEDS INCLUDE BOOSTER PUMPS, IT WILL PAY 
YOU TO INVESTIGATE VERTI-LINE BEFORE YOU BUY. 


Verti-Line Pumps are exclusive products of 
LAYNE & BOWLER PUMP COMPANY 


general offices & main plant 
2943 VAIL AVENUE*+LOS ANGELES 22, CALIFORNIA 


P&R 77 
£4 


Improved Rapid Colorimetric Microdeter- 
mination of Dissolved Oxygen. W. F. 
Loomis. Anal. Chem., 28:1347 (’56). Rapid 
colorimetric method for detg. D.O. in 0.5-ml 
samples of water, as previously described, 
gave, on comparison with Winkler method, 
calibration curve which did not pass through 
origin and was slightly concave. 3 modi- 
fications, and other improvements, are re- 
ported, which have been devised to obtain 
strictly linear calibration curve passing 
through origin and to enable method to be 
used as an alternative to standard Winkler 
method.—_W PA 


Continuous Measurement of Dissolved 
Oxygen in Water. H. S. Levine; W. V. 
Warren; E. C. Tsivoctou; &« W. W. 
Wa ker. Anal. Chem, 28:343 (’56). 
Method has been developed for continuous 
measurement of D.O. in water, based on 
establishment of Henry’s law equil. between 
flowing water sample and concn. of oxygen 
in gas at constant pressure and vol. Results 
are not affected by temp., salt concn., pres- 
ence of polg. material, aeration constant, 
barometric pressure or concen. of D.O. in 
water. Design and performance of practical 
instrument for detn. are described—WPA 


The Determination of the Oxygen Satura- 
tion Concentration. H. ScHMASSMANN. 
Schweiz. Z. Hydrol. (Switz.), 18: 144 (’56). 
Oxygen satn. concn. in water differs in 
equil. with dry air and with humid air. 
This fact has not usually been considered in 
establishing concn. values in limnology. It 
has usually been assumed that air in imme- 
diate contact with water is satd. with water 
vapor, but this is actually rarely so. Humid- 
ity of this layer of air varies greatly from 
time to time and from place to place, and 
therefore detns. of oxygen satn. values have 
no real significance in field work unless this 
actual humidity is known. Author concludes 
that it is sufficiently accurate in field work 
to use oxygen satn. values from air with 
100% humidity. In addn. changes in air 
pressure alter oxygen satn. values of water. 
In field work, it is sufficient to use avg. air 
pressure for given altitude rather than abs. 
pressure at moment of sampling. Equation 
is given for detg. value of oxygen satn. 
concen. at given water temp. and given alti- 
tude. Usefulness of tables and nomograms 
of oxygen satn. values is discussed—WPA 
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The Determination of Potassium and So- 
dium in Drinking Water With the Aid of 
the Flame Photometer. E. L. Mott « 
T. L. Hren. Chem. Weekbl., 52:313 (’56). 
Amt. of K and Na in drinking water is 
assuming increasing importance because of 
radioactivity of natural K and increased 
medical importance of these 2 elements. 
Authors studied influence of Ca and Na on 
results obtained for K, and of Ca and K 
on those obtained for Na. For detn. of K, in- 
terference from Ca and Na varies when these 
are present in low concn., but reaches a con- 
stant value for amounts of Na > 100 mg and 
of Ca>50 mg/l. For detn. of K, add 10 ml 
of soln. containing 0.3% of Ca* and 0.2% 
of Na* as chlorides to 100 ml of a soln. 
containing 1% of K* as KCl to calibrate 
instrument; add same amt. when making 
detn. Accurate and reproducible results for 
K* are claimed with this procedure. In 
detn. of Na*, there is interference from K*, 
but not from Ca**, and 100 mg of K*/1 of 
sample should be added. Anions do not 
affect results of flame-photometric detn. of 
K* or Na*—PHEA 


Paper-Chromatographic and Electropho- 
retic Investigations on Simple and Higher 
Phosphates. W. Franx. Vom Wasser 
(Ger.), 23:30 (56). Author deals with con- 
stitution of simple and complex phosphates 
and describes method of paper-chromato- 
graphic sepn. and detn. of simple and com- 
plex phosphates and the sepn. of phosphates 
by paper-electrophoresis. Quant. detn. of 
separated phosphates is also described. By 
paper-chromatographic method it is possible 
to separate phosphates of different degrees 
of condensation and of different cosstitution. 
Examples are described of results of use of 
these methods of sepn. and anal—WPA 


Determination of Strontium-90 Activity 
in Water by Ion-Exchange Concentration. 
C. W. Stantey & P. Krucer. Nucleonics, 
14:114 (56). Authors describe methods for 
detn. of strontium-90, from radioactive fall- 
out in natural water and in nuclear reactor 
waste waters. Preliminary concn. is neces- 
sary as large vols. of water have to be han- 
dled to isolate small quant. of strontium. 
Evapon. filtration of ppts. and ion-exchange 
methods are used. For large vols. of water, 
ion-exchange method is most economic. 
Method is outlined. Expts. are described to 
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The Houston Water Purification Plant was one of the first 
plants to use rubber-seated butterfiy valves in filter 
service. Freese, Nichols and Turner, Consulting Engi- 
neers, chose R-S Rubber-Seated Butterfly Valves over 
conventional gate valves for all low-pressure service be- 
cause their compact design permitted close coupling of 
pipe. Result: a substantial saving in space, and a direct, 


in-place cash saving of $124,000 
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CLYDE R. HARVILL, 
Superintendent, 
n Jacinto 
Water System, 
City of Houston 
Utilities Dept. 


Houston, Texas, Reports: COMPLETELY SATISFIED 
WITH R-S BUTTERFLY VALVE OPERATION 


When the Houston Purification Plant 
went into operation in 1954, 65 R-S 
Rubber-Seated Butterfly Valves were 
used to equip the entire low pressure 
system. Today, Mr. Harvill reports 
that these valves are giving good 
service, and that he is fully satisfied 
with their performance and minimum 
maintenance requirements during 
their first years of operation. 


R-S Rubber-Seated Butterfly Valves 
are easy to operate, and will provide 
100% effective shut-off with a 125- 


pound pressure drop. Wedging action 
of the vane against the tough, flexible 
rubber seat assures positive closure, 
even around shaft bosses. The special 
composition of rubber and other ma- 
terials gives long wear and resistance 
to the abrasive action of material 
flow. 


To obtain complete information on 
the full SMS line—Butterfly Valves, 
Rotovalves and Ball Valves—see our 
local representative, or write S. Mor- 
gan Smith Company, York, Penna. 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovalves Ball Valves 
Valves + Liquid Heaters « 


Butterfly Vaives 
* Hydraulic Turbines & Accessories 


Free-Discharge 
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det. applicability and ease of ion-exchange 
concn, of strontium-90 from large vols. of 
water, which include elution curve to test 
conditions for selective elution of yttrium 
from strontium; test runs to det. recovery 
of strontium from water passing through ion- 
exchange column using conditions of former 
expt. Data to illustrate application of these 
techniques to det. strontium concn. in Pitts- 
burgh rain and tap water are given—WPA 


Rapid Determination of Sulfates in Drink- 
ing Water by Spectrophotometric Meth- 
ods. 1. The Aging of Barium Sulfate 
Solutions. M. Brocion1. Chimica (Milan), 
12:423 (56). During some expts. to det- 
sulfate ion concn. in drinking water by meas- 
uring spectrophotometrically opacity induced 
in solns. by addn. of barium chloride soln., it 
was found that results differed according to 
age of latter soln. It is suggested that mole- 
cules of barium chloride in soln. gradually 
increase in size by aggregation phenomena, 
and large molecules act as crystallization 
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nuclei when they come in contact with sul- 
fate ions -WPA 


Volumetric Determination of Sulfate Ion 
in Water. M. S. I. Acuna. Rev. Obras 
Sanit. Nacion (Buenos Aires), 20:30 (’56). 
Method is given for volumetric detn. of sul- 
fate ions in water. Excess of 0.02 N barium 
chloride soln. is added to water sample, and 
approx. titration is made to Eriochrome black 
T endpoint with 0.02 N Versene. 2 ml of 
0.02 N magnesium chloride are then added 
and a final accurate titration is made with 
addnl. 0.02 N Versene. Results by this 
method were found to be as accurate as 
gravimetric method for concns. between 10 
and 250 mg sulfate/l. Results, given in 
tables, show figures obtained by both meth- 
ods for various water samples. Copper inter- 
feres with endpoint if present in amts. 
greater than 0.2 mg/l. Amts. of up to 10 
mg/l of ferric iron do not interfere with 
endpoint PA 


ELEVATED 


various types. 


for bulletins. 


MANUFACTUpyp 


WATER TANKS 


Built in accordance with AWWA 
specifications, in all sizes and 


Send us your inquiry—stating 
capacity, height to bottom and 
location. Established 1854. Write 


R. D. COLE MFG. CO. 
NEWNAN, GEORGIA 
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How long before you install 
water softeners? 


A month? ...A year? ...Or do you already have this equipment? 
In any event, this article can help you use water-softening salt with maxi- 
mum efficiency. This is number 12 in a series prepared by International 


Salt Company. 


How to Store Large Tonnages of 
Rock Salt in Limited Space 


One of the best ways to increase salt- 
storage capacity, without taking up valuable 
space near your water-softening installation, 
is to use a “Silo Lixator.” Developed by 
International, this space-saving unit actually 
combines salt storage with brine making— 
and maintains a ready supply of fully sat- 
urated brine for regenerating zeolite and/or 
base-exchange resins. 


The Silo Lixator makes excellent use of 
limited storage space, because it stores rock 
salt in a high, vertical column. The upper 
portion of the column stores dry salt. The 
bottom of the column rests in a dissolving 
tank, where water is added to make brine. 
Whenever salt in this tank is dissolved, it is 
immediately replaced by dry salt flowing 
down from the upper portion of the column. 


For storing any given amount of rock salt 
in dry form, ample space can be provided in 
the Silo portion, by building it to the proper 
height. The rugged steel, wood-stave, or 
prefabricated-concrete construction of the 
Silo assures long, dependable service. 


Rehandling eliminated. Because dry salt 
stored in the Silo Lixator is dissolved to 
make brine, there is never any salt rehan- 
dling in the plant. A simple piping system, 
installed where it won't interfere with other 
operations, carries this brine to points of use. 
What’s more, every drop of Lixate Brine is 
completely self-filtered by the rock salt crys- 
tals at the bottom of the dissolving tank. 
So you always have clear, 100%-saturated 
brine—the brine that always gives you com- 
plete, economical zeolite regeneration. 


Incoming salt shipments need no special 
handling. One of the more common de- 


livery methods works like this: rock salt 
flows directly from a hopper car into a 
screw-conveyor trough, which, in turn, car- 
ries the salt to a bucket elevator. Another 
unloading method, possible when the elevator 
boot is low enough to permit gravity feed 
from the hopper car, is the gravity-feed chute. 


Another money-saving feature: The Silo 
Lixator needs to be cleaned out only once 
every 12 to 18 months. The clean-out proc- 
ess is very simple: a valve or door is opened 
at the bottom of the dissolving compartment. 
All aceumuiated impurities are flushed 
through the clean-out, and the Silo Lixator 
is ready for use . . . needs no further atten- 
tion for at least another year. 


Salt—plus technical service—from 
International 


Through skilled and experienced “Salt 
Specialists,” we can help you get greater 
efficiency and economy from the salt or brine 
you use for regeneration. We produce both 
Sterling Evaporated and Sterling Rock Salt 
in all types and sizes. So we can recommend 
the type and size of salt most perfectly suited 
to your needs. 


If you'd like to get this technical assistance 
—or any other information on salt or brine 
—simply contact your nearest International 
sales office: Atlanta, Ga.; Chicago, Ill.; New 
Orleans, La.; Baltimore, Md.; Boston, Mass. ; 
Detroit, Mich.; St. Louis, Mo.; Newark, N.J.; 
Buffalo, N.Y.; New York, N.Y.; Cincinnati, 
O.; Cleveland, O.; Philadelphia, Pa.; Pitts- 
burgh, Pa.; Memphis, Tenn.; and Richmond, 
Va. 


INTERNATIONAL 
SALT CO., INC. 


SCRANTON 2, PA. 
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then getting back into the tank, each 
break consumed more than an hour. 
City officials rebelled, the repair crew 
was adamant, and only the intercession 
of AWWA member Ray Brax, a cafe 
owner as well as Assaria water super- 
intendent, broke the deadlock with the 
offer to furnish the men with coffee, 
inside the tank, twice daily—which he 
accomplished by climbing the ladder 
and then lowering the pot and cups by 
rope and bucket. 

What we'd prefer, though, on some 
of these really hectic days is a martini 
break or a siesta, or, better yet, both— 
that is, if they could be worked in so 
as not to interfere with the coffee 
breaks. The only real problem, ac- 
tually, is that we'll soon have so many 
breaks we won't be able to get them 
all in when we go to the 4-day week. 


A larger town of Bethlehem was 
in the news last Christmas with a story 
of good will toward men. Actually, it 
was the Bureau of Water of adjoining 
Allentown, Pa., that displayed the 
Christmas spirit in attaching spigots 
to its fire hydrants along the Bethlehem 
border line to permit Bethlehemites to 
draw all the water they needed until 
their own supply was palatable again. 
Potable the Bethlehem water was, 
but it was muddy because of construc- 
tion work north of its Wild Creek 
watershed and reservoir in the Pocono 
mountains—so muddy that residents 
had resorted to bottled water and rural 
springs before Allentown came to the 
rescue. All Bethlehem’s water has to 
do is lie still a while, of course. 


Long time no sea still seems true 
as far as public water supply is con- 
cerned, although the price of desalting 
sea water has been yielding to the ex- 
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tensive research now being conducted 
all over the world. A good measure 
of the yield was obtained last Novem- 
ber in Washington at the eleven-nation 
Symposium on Saline Water Conver- 
sion conducted by the Dept. of Inte- 
rior’s Office of Saline Water. There, 
figures from $0.10 to $1.25 per 1,000 
gal were being bandied about by the 
200 experts in attendance. The dime 
per thousand was an undetailed claim 
by one Alexander Zarchin for a freez- 
ing process that he is working on for 
the Israeli government. Here in the 
US, the lowest figure mentioned was 
by the Maxim Silencer Co., which 
claimed to be able to desalt sea water 
for 20 cents per thousand by a steam- 
jet vapor compression system, but it 
appeared that this figure was based on 
obtaining cost-free energy and taking 
credit for auxiliary use of heat from 
steam generated in the process. The 
official estimates on government-aided 
projects were $0.39 per 1,000 gal for 
multiple-effect distillation, $0.65-$1.15 
for flash distillation, $0.96 for rotary va- 
por compression distillation, and $0.75- 
$1.25 for solar evaporation. All these 
figures, of course, are predistribution 
figures, although they are most often 
compared with present costs of water 
delivered. 

Among the practical systems dis- 
cussed, a highlight was one expected 
to go into service in April to serve 
3.6 mgd to a number of gold-mining 
companies in Orange Free State, South 
Africa, reducing the salt content of a 
brackish water from 4,000 to 500 ppm 
at approximately 29 cents per 1,000 
gal. Buta lot more stir was caused by 
a theoretical system described by erst- 
while JouRNAL author Gilbert Levin, 
now of Resources Research, Inc. The 
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New Salem pipe line to augment present system will add 
approximately 50 MGD capacity to city water supply system. 


a line of growth... 


American Concrete Cylinder Pipe 
is helping Salem, Oregon to grow 


A simple but important fact is that no city, 
however great its potential, can grow beyond the 
capacity and dependability of its main water 

supply system. 
Recognizing this fact, and envisioning a popula- 
tion in 30 years that will require three times the 
maximum capacity of present water transmission lines, 
Salem, the capital city of Oregon, is carrying out a pro- 

gram designed to meet future needs. 
Under the direction of the City’s Water Department Manager, John L. 
Geren, and the technical supervision of Consulting Engineers Clark and Groff 
an 18-mile pipe line of , and 54° diameter American Concrete 
Lord Brothers, a general contracting firm 
Portland, Oregon. This new line will triple the present capacity of the 
system. 

The performance record of this type of reinforced concrete cylinder pipe 
has been so outstanding throughout the West that Salem can be confident that 
this water “ growth line” will be giving efficient, economical service for many. 
many years to come. 


service are ch ist 

it the right pipe for this forward looking city. 

When planning your future water * “growth lines,” look to American's qual- 
ty pipe line p P facilities and half century of 
experience. 


Ask for lete inf i ing the particular class of pipe that 
will meet your design requirements. 


Los Angeles. 

3428, Terminal Annex LOrain 4-251 
Wayward 

P.0. Box 630 + JEfferson 7-2072 

San Diego: 

P.O. Box 13 + CYpress 6-6166 

Phoenix: 

2025 South 7th St. Alpine 2-1413 

Portiand: 

518 NE. Columbia Bivd + BUtler $2531 


| 
| 
Oregon's capital city | 
| gon's cap 
* 
pipe AMO ComsTRUCTION CO.) 
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Levin system involves the use of re- 
versible salt-accumulating algae which 
would remove salt from one basin (in 
which conditions would be set to pro- 
mote maximum pickup) and then drop 
it into another basin where conditions 
would be reversed, very much as ion- 
exchange resins pick up hardness ions 
and then release them on recharge. 


By circulating his algae through the 
two types of basins, he indicates. that 
it would be possible not only to desalt 
the water, but, from the excess of 
algae obtained through the reproduc- 
tion of the workers, to recover a bonus 
of protein. Although no one has yet 


agreed with Gil that the system can be 
worked, he points out that no one has 


US Army photo 


In a ceremony at Brooke Army Medical Center, Fort Sam Houston, 
Tex., certificates of competency are being awarded to the first mili- 
tary personnel to qualify as Class C water works operators in 
Texas. Brigadier General Elbert DeCoursey (left), commandant of 
the Army Medical Service School, is shown presenting certificates 
to M/Sgt. Wyllis E. Cauvel, M/Sgt. Clifton B. Sawyer, Sgt. 1/c 
Wallace W. Wright, Sp. 2/c Eugene A. Jankowski, and Cpl. Robert 
A. Gossen, all graduates of a short course held at Trinity Univer- 
sity under the auspices of the Texas Water & Sewage Works Assn., 
in cooperation with Texas A&M and the state health department. 
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Here’s the alum of unvarying quality 
and uniformity . . . a highly efficient, 
dependable and economical coagulant 
for removing turbidity from water, for 
reducing tastes, odors, colors. Water 
men, America over, prefer General 
Chemical Aluminum Sulfate for mak- 
ing water good to drink and crystal 
clear. Make it your choice, too! 


Your Most Dependable Supplier— 
General Chemical has 25 Aluminum 
Sulfate plants strategically located 
across the country. This means a source 
of supply you can always count on in 
your daily operations . . . in emer- 
gencies. Take advantage of it! 


For Water Treatment 


¢ Produces crystal clear water 
* Gives better floc formation 
* Promotes better settling and longer filter ruas 
* Has no chlorine demand 
* Aids in reduction of tastes and odors 
* Is a low cost coagulant 
Superior in tests against other coagulants 
High in quality. Its constant uniformity can be 
depended upon 


For Sewage Treatment 

* Clean, easy to handle 

* Dry feeds well or dissolves readily for solution 
feeding; liquid alum also available in many areas 
Simple application. Requires only low-cost feed- 
ing apparatus and minimum attention 
Ciear, colorless effluents are possible 
Sludge digests readily 
Treated digested sludge dries quickly with 
minimum of odor 
Chiorine consumption is cut, due to lower 
demand of clarified sewage 
Economical to use 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany + Atlanta 


+ Balti 
Charlotte + Chicago + Cleveland - 
Angeles Milwaukee 
Philadelphia - Pittsburgh - Providence - Franci 


in Canada: The Nichols Chemical Company, Limited - 


Jacksonville Kalamazoo 


Basic Chemicals for American Industry 


more + Birmingham - Boston 


+ Bridgeport + Buffalo 

Denver + Detroit - Greenville (Miss.) + Houston 
+ Minneapolis 
sco + Seattie- St. Louis. 


Montreal Toronto 


+ 
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disagreed either—and where there’s a 
Still long time no sea! 


William H. Cochrane has been 
elected president of Neptune Meter 
Co. He succeeds Dante E. Broggi, 
who resigned in order to devote more 
time to outside interests but will con- 
tinue to serve as a consultant to Nep- 
tune. Mr. Cochrane was formerly ex- 
ecutive vice-president responsible for 
coordinating policies and operations 
among Neptune and its subsidiary 
companies. 


The plethora of poolishness dis- 
cussed last month as a newly significant 
factor in public water supply planning 
(P&R p. 46) has turned out to be 
even more insidious than we first sup- 
posed. Actually the inside story, which 
we then reported, has proved to be 
strictly for peasants. The real cool 
pool is a basement one—presumably in 
addition to the outdoor plunge. And 
on Long Island, builder Hillard Man 
is providing 12 x 18-ft basement bains 
for a mere $800 extra in his Eden 
Roc ($19,500-$25,200) homes. Deep 
enough for diving in the center and 
shallow enough for wading on the 
side, these subsurface swimmeries 
ought, actually, to be more of a prize 
than a problem to water workers, in 
balancing those peak-loaders of sum- 
mer backyards. In the water supply 
field, after all, there’s no business like 
slow business. 


Benvenuto Cellini loves water! 
Not the original Benny, who died in 
1571 and probably preferred wine, but 
his present namesake—a tiger tomcat 
owned by Mme. Jacqueline Marcault of 
Cleveland Heights, Ohio—who not only 
drinks the stuff, but swims in it, washes 
in it, and plays in it most uncattily. 
Just unnaturally hydrophilic, Benny 
makes a running jump for running wa- 
ter whenever or wherever he hears it 
—in the kitchen sink, in the washbasin, 
in the tub, or—well anywhere. Not 
only does he have to be watched on 
that account, but because he is a con- 
stant sud-swiper and bubble-buster 
when his mistress washes clothes or 
dishes or, if she forgets to shut the 
door, herself. 

Madame owns no goldfish! 


Speaking of quaffing quadrupeds, 
though, Jewel’s Reward and Misty 
Flight are two more that love water 
—more specifically, Mountain Valley 


Water. Ever since they started star- 
ring in the sport of kings, in fact, both 
Jewel’s Reward, champion of the Maine 
Chance Farm, and Misty Flight, fa- 
vorite of the E. R. Bradley string, have 
been drinking Mountain Valley Water 
at a cost of approximately $10 each 
per day. Having noted that no less a 
trainer than Sunny Jim Fitzimmons is 
responsible for Misty Flight’s discrim- 
inating draught and that he formerly 
watered such famous horses as Nashua 
and Bold Ruler similarly, we can 
hardly argue against the effectiveness 
of the brew. As far as explaining it 
is concerned, we can only suppose that 
its high mineral content makes horses, 
too, run. 

At last reports, Mountain Valley 
Water was also being served exclu- 
sively to the US Senate. Senators, of 
course, run only once every 6 years. 


WATER METERS 


With more than 73 years experience, you are assured of long and continuous 
service, accurate registration, and lowest possible maintenance cost. 
Hersey never cheapens the quality of its meters to meet price competition. 


HERSEY MANUFACTURING COMPANY 


DEDHAM, MASS. 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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California Section: The 38th annual 
meeting of the California Section was 
held in San Jose, Oct. 29-Nov. 1, with 
1,225 in attendance, including 560 mem- 
bers and 321 ladies. The headquarters 
hotel was the St. Claire, and technical ses- 
sions and exhibits were held in the Civic 
Auditorium across the street. The 51 ex- 
hibits were well attended. 

The program was opened by the Kick- 
off Luncheon Wednesday afternoon, at- 
tended by 252 members, ladies, and guests. 
General technical sessions were held Wed- 
nesday afternoon and all day Thursday. 
Three parallel division technical programs 
were held on Friday morning. The meet- 
ing concluded on Friday afternoon with a 
general session, featuring a stimulating 
and challenging message from President 
Merryfield, and the business meeting. [A 
list of technical papers presented appeared 
on p. 1606 of the December 1957 issue. ] 

Attendance at the sessions was about 
as usual, averaging about 200 and reach- 
ing a peak of about 300. The business 
session was attended by 175 members. 
Social events included the annual golf 
tournament held on Wednesday morning, 
participated in by just over a hundred 
golfers. The All-Division Banquet was 
attended by 307 members, guests, and 
their ladies on Wednesday evening. The 
California Day Luncheon Thursday noon, 
attended by 197 persons, was highlighted 
by Fred Camp’s inspiring color slides 
showing the High Sierra watersheds of 
the Los Angeles Dept. of Water & Power, 
San Francisco, and the East Bay Munici- 
pal Utility Dist. The meeting closed Fri- 
day evening with the Manufacturers’ An- 


nual Banquet attended by 856 people. 
This gala affair included entertainment, 
and ended with dancing to Ed Husseys’ 
orchestra. 

The ladies’ program included a tour 
and lunch on Tuesday (186 in attendance) 
visiting points of interest in the San Jose 
area, with luncheon at Rickeys in Palo 
Alto. On Friday, 251 ladies enjoyed 
luncheon at the Hawaiian Gardens and a 
fashion show produced by the Joseph 
Magnin Co. 

On Friday afternoon the main event of 
the business meeting was the election of 
new Section officers. These include: 
Duncan A. Blackburn (chief engineer and 
general manager, Pasadena Water Dept.) 
—chairman; John A. Luthin (chief en- 
gineer, Suburban Water Systems, Puente) 
—vice-chairman; and R. E. Dodson Jr. 
(head, Water Production Div., San Diego 
Water Dept. )—secretary-treasurer. 

Edward A. Reinke, Chief of the Bureau 
of Sanitary Engineering, State Dept. of 
Health, Berkeley, received the Elliott 
Award in recognition of his untiring sup- 
port of water purveyors in protecting the 
quality of their water sources, and his 
current effective effort as chairman of the 
Section Committee on Water Quality. 
Announcement was also made of the 
nomination of Harry Reinhardt, of the 
California Water & Telephone Co., for 
the Fuller Award. 

Henry J. ONGERTH, 
Secretary-Treasurer 


Florida Section: The Florida Section 
held a very successful meeting at Jack- 
sonville, Nov. 10-13, with the greatest 
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A GOOD COMBINATION 


for better performance— 
lower operating costs... 


LEOPOLD 
FILTER BOTTOMS 


all underdrain requirements 

Made of de-aired fire clay—vitrified and salt glazed, the Leopold 
Filter Bottom is unequalled for dependable, economical service. 
The individual blocks resist corrosion, are not subject to tuber- 
culation, and will last indefinitely. Too, they require only small 
sized gravel, do not need special supporting concrete members, 
and the Leopold design insures uniform wash distribution. 


Rubber Seated. 


Assure positive drop-tight shut-off 
easily, efficiently, economically. 


In this design, the seat is of resilient Neoprene rubber 
or pure gum rubber, vulcanized around a steel ring 
insert, and held in place by a keeper ring. The steel 
ring, which is “continuous” to eliminate abnormal 
wearing, increases the firmness of the seat and assures 
longer service life. 

Whether operated manually or by automatic con- 
trols, Leopold Butterfly Valves always provide a 
positive shut-off that’s bubble-tight. Made in sizes 
6” to 96”. 

Meet AWWA Specifications C504-55T 


Write today for descriptive literature! 


COMPLETE WATER PURIFICATION ANO FILTER PLANT EQUIPMENT * BUTTERFLY VALVES 
FILTER OPERATING TABLES * MIXING EQUIPMENT * DRY CHEMICAL FEEDERS 


Designed to successfully meet 
| 
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attendance experienced to date. This was 
a joint meeting with the Florida Sewage 
& Industrial Wastes Assn. The total 
registration was 399. They came early 
and stayed late—there were 275 regis- 
tered Sunday afternoon, Nov. 10, and 307 
attended the banquet and dance Wednes- 
day night, Nov. 13, which was the last 
entry on the program. 

The social affairs and the technical 
program were well managed and pleas- 
ingly presented by Section Chairman 
Stanley Sweeney, Local Arrangements 
Chairman Emory Dawkins, and Program 
Chairman Thomas deS. Furman. The 
Club Room activities were efficiently run 
by Robert L. Burdick, chairman of the 
Club Room Committee. [A list of the 
technical papers and their authors ap- 
peared on p. 1607 of the December 1957 
issue. | 


(Continued on page 92 P&R) 


The following new officers and trustees 
were elected : chairman—Harold D. Over- 
hiser, Mount Dora; vice-chairman—David 
B. Lee, Jacksonville; secretary-treasurer 
—John G. Simmons, West Palm Beach; 
trustees—Charles A. Black, Gainesville, 
and Leland J. Cobb Jr., Tampa. The 
Fuller Award nomination went to Sidney 
W. Wells, of Gainesville, and the A. P. 
Black Cup for obtaining the largest num- 
ber of new members during the year was 
awarded to H. L. Berkstresser of Panama 
City. 

J. D. 
Secretary-Treasurer 


North Carolina Section: The North 
Carolina Section held its 37th annual 
meeting at the Hotel Sir Walter in Ra- 
leigh Nov. 11-13, 1957, in conjunction 
with the North Carolina Sewage & Indus- 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 
Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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PITTSBURGH 
DES MOINES © 


Double 
Ellipsoidal 


ELEVATED 
STEEL TANKS 


WIS. 


... the capacities to serve your needs 
... top economy and appearance, too! 


Pittsburgh-Des Moines’ Double Ellipsoidal 
Elevated Steel Tanks offer an advantageous com- 
bination of economical design and pleasing good 
looks, meeting today’s exacting community stand- 
ards. With very low head ranges in sizes to 300,000 
gallons, and good head ranges up to 750,000 gallons, 
the Double Ellipsoidal tank design covers at low 
cost the greater part of all municipal water storage 
requirements. Write for our illustrated brochure 
detailing the complete range of PDM elevated tank 
types and capacities. 


PITTSBURGH * DES MOINES STEEL CO. 


Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO and CADIZ, SPAIN 
Sales Offices at: 
DES MOINES (8)... 925 Tuttle Street 


. DALLAS (1), 1229 Praetorian 
SEATTLE (1). . Suite 332, 500 Wall St. 


MONTE, CAL. 
ATLANTA (5), 361 E. Paces Ferry Rd., 


50,000 Gallons : : 150,000 Gallons : : 500,000 Gallons 
| 
POM CHICAGO 3), 628 First Nations! Bank 
CHICAGO (3), 628 First National Bank Bidg : 
rans | SANTA CLARA, CAL.. 631 Alviso Road 
DENVER (2), 323 Railway Exchange Bidg. 
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trial Wastes Assn. One of the highlights 
of the technical program was a panel dis- 
cussion on the “Impact of Federal-Aid 
Highways on Utilities Systems.” [A 
complete list of papers and their authors 
appeared on p. 1612 of the December 1957 
issue. 

At the annual banquet, the Fuller 
Award nominee was announced as Earle 
C. Hubbard, State Board of Health, Ra- 
leigh. The Maffitt Membership Cup, 
awarded annually by the city of Wilming- 
ton to that member who was instrumental 
in securing the greatest number of new 
members for the Section was won again 
by Mrs. Ethel G. Young of Raleigh. She 
has permanent possession of the former 
cup, having won it for the previous 3 
years. Lester Rose, the littlhe man who 
makes big speeches, entertained the mem- 
bers and guests with an address on “It 
Pays to Be Crazy.” Following the ban- 
quet, the Association dance was held in 
the ballroom of the Hotel Sir Walter. 

During the meeting an inspection trip 
was made through Raleigh’s new Walnut 
Creek Waste Treatment Plant. Films 
were shown on the last morning, followed 
by the annual business meeting. Officers 
elected were: W. F. Stokes, chairman; 
W. E. Long Jr., vice-chairman; D. Y. 
Brannock, secretary-treasurer; and L. P. 
Bloxam, trustee. 

A most enjoyable aspect of the meeting 
was the fellowship, fun, and entertain- 
ment provided by WSWMA. For the 
ladies attending the meeting there was a 
coffee hour and bridge party, luncheon 
at State College Union, a shopping trip to 
Cameron Village, and a visit to the gov- 
ernor’s mansion. 

W. E. Lone Jr. 
Secretary-Treasurer 


Southwest Section: The Southwest 
Section held its 46th annual meeting in 
Oklahoma City, Okla., Oct. 13-16, 1957, 
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with Morrison B. Cunningham, Director 
of Public Works, serving as host. There 
was a registration of 784, a record for 
meetings held in the state of Oklahoma. 

Three full days were devoted to pro- 
gram papers and discussions, and the pro- 
gram was enthusiastically received by 
large groups attending each session. The 
program was well balanced, featuring 
technical papers on recent advancements 
in technology, papers designed to interest 
the small water works operators, and 
panel discussions on timely topics. [A 
complete list appeared on p. 1614 of the 
December 1957 issue.] Two group lunch- 
eons were held, with Secretary Jordan 
and President Merryfield as featured 
speakers. 

The following officers were elected: 
chairman—Quintin B. Graves, Professor. 
Dept. of Civ. Eng., Oklahoma A&M 
College, Stillwater; vice-chairman—Rob- 
ert L. Lawrence, superintendent, Water 
Dept., Alexandria, La.; Arkansas trustee 
—R. L. Rimmer, general manager, El 
Dorado Water Corp., El Dorado; Loui- 
siana trustee—P. G. Grambling, super- 
intendent, Dept. of Water & Light, Rus- 
ton; Oklahoma trustee—J. K. Lindsey, 
consulting engineer, Tahlequah; Texas 
trustee—Henry J. Graeser, superintend- 
ent, Water Dept., Dallas. The following 
were appointed by the new officers to 
serve on the Board of Trustees: J. R. 
Pierce, chairman, Publication Committee; 
Fred Martin, chairman, Manufacturers’ 
Committee; and Leslie A. Jackson, Sec- 
retary. 

George H. West, water plant superin- 
tendent, Greater Lake Charles Water Co., 
Lake Charles, La., was nominated to re- 
ceive the Fuller Award. Sara Elizabeth 
Tiner and Ben Behrens were granted 
the Egmont S. Smith Memorial Scholar- 
ship Fund awards. Sara Elizabeth is the 
daughter of J. B. Tiner, plant manager 
for Consolidated Chemical Industries, 
Inc., Bastrop, La., and Ben is the son of 
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CALMET’S exclusive Frost-Proof Bolts 
protect Calmet Meters . . . even in the 
hardest freeze. If the water freezes, 


the shear pins allow the all-bronze 
split case to separate, protecting both 


the case and internal working parts. 
In repairing a frozen CALMET, only 
new shear pins are required. 


THIS FEATURE IS FOUND ONLY IN THE 
CALMET 


“Mahutactured by 
WELL MACHINERY & SUPPLY CO., Inc. 
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A. L. Beherns, maintenance superintend- 

ent, Water Dept., Eagle Lake, Tex. 
A. JACKSON 
Secretary-Treasurer 


West Virginia Section: ‘Ihe nine- 
teenth meeting of the West Virginia Sec- 
tion was held at the McLure Hotel in 
Wheeling, Oct. 23-24, 1957. As has been 
the practice for the past 11 years, 
the meeting was held jointly with the 
West Virginia Sewage & Industrial 
Wastes Assn. The total registration for 
the meeting was 180 men and 10 ladies. 
Of this number, 115 men registered for 
the water works part of the meeting. 

The technical sessions covered papers 
on settling basin design, coagulation, 
chlorine residuals, corrosion in actior, 
coal washery wastes, and demineralization 
of water. A. E. Erickson, chief corrosion 
engineer of Peoples Natural Gas Co., 
presented the lecture on corrosion using 
a “mud tub,” transparent ammeter and 
voltmeter, and various kinds of pipe. 
This demonstration was one of the high 
points of the meeting, in showing visually 
the action of corrosion and means of cor- 
rection. [A list of technical papers and 
their authors appeared on p. 1615 of the 
December 1957 issue. | 

A joint luncheon was held, at which 
Kenneth S. Watson, FSIWA president, 
was the guest of honor. Kenneth is a 
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West Virginia boy and actively partici- 
pated in Section affairs during the years 
he spent in the state. At the evening ban- 
quet, Thomas J. Blair Jr. was doubly 
honored, receiving both an AWWA Life 
Membership certificate and the nomina- 
tion for the Fuller Award. Mr. Blair 
has been active in the water works busi- 
ness in West Virginia for many years 
and richly deserved the nomination. 
Wendell R. LaDue represented AWWA 
and contributed much to the success of 
the meeting and banquet. The Weirton 
Steel Men’s Chorus entertained at the 
banquet. This, without doubt, is one of 
the outstanding men’s choral groups in 
the United States. 

The Section officers for the next year 
are: chairman—Wallace Grant, Charles- 
ton; vice-chairman—John B. Douglass, 
Charleston; trustees—H. K. Gidley, 
Charleston; Edward Shroyer, Wheeling ; 
and Jordan Hugart, St. Albans; director 
—Dennis Clark, Bluefield; secretary- 
treasurer—Hugh W. Hetzer, Charleston; 
and assistant secretary—John Millar, 
Charleston. It was necessary to elect an 
additional trustee after receiving, with 
regret, notice that T. A. Stout was re- 
tiring because of ill health. 

The number present and the interest 
shown is an indication of growth and in- 
creased activity of the West Virginia 
Section. 

W. HETZER 
Secretary-Treasurer 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


NORTHERN GRAVEL COMPANY 
P. a. Bow 307 


Muscatine, lowa 


; 
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pumping station in 
Kansas City, Mo., uses 
60” Pratt Rubber Seat 
Butterfly Valves for 

discharge—72" 
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valves for header 
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KANSAS CITY: | 
Rugged efficiency in a minimum space 


Look! A modern pumping station with 
compact, unobtrusive large-diameter 
valves that require no more clearance 
than a standard pipe flange, and oper- 
ators that are equally compact. Face- 
to-face dimensions of these 60” and 
72” diameter Henry Pratt Rubber Seat 
Butterfly Valves are only 15” and 18” 
respectively. 

Specifying Pratt valves means impor- 
tant savings in space and installation 
costs—but even more important, 
economy through years of efficient, 
maintenance-free operation. 


Pratt originated the Rubber Seat But- 


HENRY. 


terfly Valve and has installed more of 
them than any other manufacturer. 


For valve design with a 50 year rep- 
utation for practical imagination, see 
Henry Pratt. 


NEW! Latest, most accu- 
rate pressure drop and 
low data, conversion 
tables, discussion of 
butterfly valve theory 
and application plus 
other technical in- 
formation. 
Write for Manual B-2C. 


RUBBER SEAT 


PRATT Butterfly \alves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, iil. ary verve 
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NEW MEMBERS Vol. 50, No. 2 


Baker, Wiley T., Assoc., W. D.| Dick, Richard I., San. Eng. Grad- 
Taulman & Assocs., Box 12286, uate Student, Univ. of Iowa, Iowa 
Atlanta 5, Ga. (Jan. ’58) P City, Iowa (Jr. M. Jan. ’58) 

Barrows, H, Lyndon, Jones Dickson, M. D. H., Partner, T. 
Chems., Inc., 19200 N.W. 10th} H. Newton Eng., Ltd., 1962 Ave- 
Ct., North Miami, Fla. (Oct. 57) | nue Rd., = 

Duff, Earl L., Owner, iamon 

ong Water Conditioning Co., Rte. 7, 
MPD - 2 Box 159, Evansville, Ind. (Jan. 

AMERICAN 


58 
WATER WORKS Bronkie, Robert T.; see Senior, Stes Go. 725 
ASSOCIATION Bissell & Bronkie 4 


Bennett St., Greenville, S.C. (Oct. 
Burdick, Arthur C., Owner, Culli- 57) 
ist. Div., Dept. o aters 
NEW MEMBERS (Jan. 404 Hall, Chicago, 
are? . Burris, George; see Greendale ll. (Jan. ’58) 
Applications received Dec. 1-31, 1957 (Ind.) Utility Horace 
Carter, Ivan L., Jr., Borough Edmands Eng., 303 Phoenix Bidg., 
Mgr., 53 W. South St., Carlisle, Bay City, Mich. (Jan. 58) PD 
ss Cherry, Irvine Chase, Asst. Chem- unic. Waterworks, 50x , 
ist, Light, Gas & Water Div., 139 St., Burlington, Iowa (Jan. 
Mass. PD Memphis, Tenn. Englis, Duane T., Prof. of Chem., 
St., Santa Ana, Calif. (Jan. ’58) | Cooke, Howard W.; see Orange| Diy., Sperry Rand Corp., 315—4th 
R County (Calif.) Water Dist. Ave., New York, N.Y. (Jan. ’58) 
Baker, Jerome W., Supt., Water Covington, Robert Melvin, Super- M 
Meter Dept., Light, Gas & Water visor, Water Meter Dept., Light, | Firth, William J., Field Engr., 
Div., Box 388, Memphis 1, Tenn. Gas & Water Div., Box 388, Infilco, Inc., Box 774, Roanoke, 
(Jan. 58) M Memphis 1, Tenn. (Jan. '58) M Va. (Oct. °57) 


(Continued on page 100 P&R) 


Iron and Manganese Removal Plus Water Softening . . . 
Automatically by lon-Exchange using Invercarb C-110 
Low in cost—efficient in operation. Send for Particulars. 


HUNGERFORD & TERRY, INC. 
CLAYTON 5, NEW JERSEY | 
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There’s a PLUS Value in 
Layne Gravel Wall Wells 


By actual measurements a Layne Gravel Wall Well can deliver up 
to 400 GPM MORE than a well without the Layne Gravel Wall 


construction. 


— 
— 
— 
— 


Gravel wall wells and Layne screens work together allowing great- 
er flow of water with reduced friction. Large screen openings 
minimize wear on the shutter screen. 


Where tax payers’ dollars are involved, the PLUS Value of Layne 
Gravel Wall Wells is a major factor in efficiency and economy. 


Write for bulletin No. CW-9 for complete information. 


LAYNE & BOWLER, INC. 


Memphis 8, Tennessee 


Layne Associate Companies 
Throughout The World 


WATER WELLS ¢ VERTICAL TURBINE PUMPS « WATER TREATMENT 


Jorp., 119 S. 7th St., Terre 
Haute, Ind. (Jan. 58) D 
Freestone, Frank R., Supt., Ocean 
City Water Service Co., i0th & 
West Ave., Ocean City, N. J. (Jan. 
58) MPD 
Gallagher, Robert E., Asst. Supt., 
Water Distr. Dept., Light, Gas & 
Water Div., Box 388, Memphis, 
Tenn. (Jan. ’58) D 
Greendale Utility, 
Mgr., 510 Ave. 
burg, Ind. (Corp. M. 


G. l Armstrong, 605 Bartlet 
Bide St., W., Windsor, 
Ont. (Jan. ’58) 

Haltom City, City of, Sam Lu- 
cario, Director of Public Works, 
5024 Broadway, Fort Worth 11, 
Tex. (Corp. M. Jan. ’58) M 

Hansen, Erling, Mgr., Water- 
works, Main St., Marinette, 

Wis. (Jan. ’58) 

Harmon, David Burl, Asst. City 


nix, Ariz. (Jan. 
Harris, Jay E., Gen. Contractor, 
23 Parkway Ave., Crestview ills, 
on, Ky. (Jan. 58) D 


NEW MEMBERS 


(Continued from page 98 P&R) 


Bldg., Chicago 3, Il. (Jan. 
Hays, Samuel C., Pres., Emmits- 
burg Water Co., Emmitsburg, M 

(Jan. 

Holton, Philip J., Jr., Chief 
Engr., Water Supply Provi- 
dence, R.I. (Jan. MRPD 


Hutchings, William Gates, Sales 
Repr., Johns-Manville Sales Corp., 
Seattle, Wash. (Jan. 


Landolina, John A., Chief Engr., 
Pumping Stations, Light, & 
Water Div., Memphis, Tenn. (Jan. 
58) MR 

Lange, Arnold J., Plant 4 
Bd. of Water & Light, Cedar 
Lansing 3, Mich. (Jan. ’58) MRD 

Leuty, Elbert J., Design Engr 


Asst. 
Engr., Div. of ‘837 E. 
son, Phoenix, Ariz. (Jan. '58) RD 
Lucario, Sam; see City of Haltom 
City (Tex.) 
Lucas, City N. Pinnick, 
Supt., Light & Water, Lucas, Kan. 
(Munic. Sv. Sub. Jan. *58) ‘MD 


(Continued on page 102 P&R) 
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Box 327, Ina 
Everett, Prof. 

Geology, Univ. of Utah, Salt ake 
City 12, Utah (Jan. 58) R 

Mathews, C. M., Mgr., Waterworks, 
Greenwood, Miss. (Jan. ’58) 

McCoy, Ted, Mayor, Brazil, Ind. 
(Jan. ’58) 

Montgomery, Millard RK., 
Culligan Soft Water Services, 
Box 57, Franklin, Ind. (Jan. "35 

Neave, John Wallace, Asst. E: 
Hazen & Sawyer, 122 E. 42nd 
York 17, N.Y. (Jan. 158) 


Norseth, Palmer, Eng., Bureau of 


How 

941 E. Ist ‘St., 

(Munic. Sv. Sub. Jan. ’58) MRPD 
Oswald, William Joseph, Asst. 

Prof. of San. Eng., Univ. of Cali- 

— Berkeley, Calif. (Jan. ’58) 


Packard, Vernon Loring, Direc- 
tor of Public Utilities, Niagara 
N.Y. (Jan. MPD 
Samuel F., Sales Repr., 
Co., Decatur, Ill. (Jan. 


THE AMERICAN AGRICULTURAL 


CHEMICAL COMPANY 


50 Church Street, New York 7, N. Y. 


ol 
100 PER c 
Frazer, William W., Gen. Fore-| Hauser, Dale R., Contracting | oe 
: man, The Terre Haute Water | Engr., Pittsburgh-Des Moines Steel 3 
| Water, 209 City Hall, Portland, a 
|} Ore. (Jan. ’58) MD 
Orange County Water Dist., es 
ones, 
(Jan. P 
D 
B4 
ec’ 
et 
. for Public Water Fluoridation a 
00. 
Sodium Silicofluoride - 99% |g 
Powder) ate 
| Sodium Fluoride-98% 
Rat 
(Powder or Granular) en 
Meet AWWA specifications ad 
White or tinted blue « Dry and free-flowing ’s 
Minimum of storage space «+ Available in bags and drums Bon 
Minimum of dust in handling er 
ffi 
pv 
Dr 
ri 


For new 40 mgd addition to 


CONS. ENG.—Finkbeiner, Pettis & Strout; COMM. WATER—Sol J. Wittenberg 
CHIEF ENG. DIV.—George Van. Dorp 


i 4 years’ accurate control 
akes it 100% Simplex again! 


B4 years of accuracy. No troubles. That’s the service 
ecord of Simplex filter controllers, venturi tubes and 
eters at Toledo. 


Dependable accuracy like this is essential to your plant, 
oo. So take a closer look at Toledo’s experience with 
Simplex : 

921 — 34 Simplex Controllers installed. 


929 — 22 Simplex Controllers added. (All 56 coordi- 
ated with Simplex Master Control System, including 
rauges & Meters.) 


941 — New Collins Park Plant selects: 40 Simplex 
Rate Controllers. (Also Simplex W. W. controllers; 60” 
enturi Tubes & Meters; plus Gauges & Meters.) 


nd again in 1956 for Toledo’s expansion to 120 mgd— 
’s 100% Simplex with integrated Pneumatic Master 
fontrol. Equipment chosen: 20 Rate Controllers; 60” 
enturi Tubes and Meters; Gauges; Wash Water 
fontrollers. 


afficient performance — with minimum maintenance — 
spves money throughout the years. That’s why it’s wisest 
fpr budget-conscious communities to start with the best. 


rite for Technical Bulletins — Simplex Valve & Meter 
lo., Dept. JA-2, 7 E. Orange St., Lancaster, Pa. 


SIPMPLEX* 


VALVE AND METER COMPANY 
VENTURI TUBES + FLUMES - METERS + GAUGES 
TRANSMITTERS + CONTROLLERS + TABLES + AIR VALVES 


oledo’s Collins Park Filtration Plant... 


Compact group of easy-to-read Simplex 
gauges indicates rate and head loss for a 
pair of the 20 new 4-mgd each filter units 


Part of the Simplex Pneumatic Master 
Control System that permits varying the 
rate of ten new filters from one location. 
This panel indicates, summates and re- 
cords flow of raw, wash and filtered water 


im 
\ 
? 
ag 
—_— | 
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Person, Hjalmar Edwin, Asst. 
Engr. of Design, Waterworks, 2015 


Commerce St., Dallas, Tex. (Jan. 
58) M 

Pinnick, John N.; see City of 
Lucas (Kan.) ~- 


Pool, William, Supt., Water Dept., 
Fort Branch, ‘Ind. (Oct. 56) 

Quisenberry, Ernest L., Town 
Mgr., Farmville, Va. (Jan. *58) 

Ramstedt, Eugene Clayton, Asst. 
Civ. Engr., State Dept. of Water 
Resources, 1100 S. Grand St., 
Angeles 15, Calif. (Jan. °58)R 

Readon, Robert; see Scottsburg 
(Ind.) Dept. of Waterworks 

Reid, Frank, Jr., Assoc. Editor, 
Water Works Eng., 305 E. 45th 
St., New York, N.Y. (Jan. ’58) 
MRPD 

Robbins, Norman L., Sales Engr., 
Valve & Primer Corp., 341 W. 
Superior, Chicago, Ill. (Jan. ’58) 


Wa- 
Dept., 
Water Div., Box 388, Memphis, 
Tenn. (Jan. ’58) D 
Robertson, James, Asst. City 
Engr., 1404 County-City Bldg., 
Seattle 4, Wash. (Jan. 58) MR 
Rossetti, Anthony J., Pres., Ros- 
setti Contracting Co., Inc., 4237 


(Continued from page 100 P&R) 


N. Lincoln Ave., Chicago 18, Il. 
(Jan. ’58) MRP 


NEW MEMBERS 


Rumley, Aikman J., Supt., Water 
Supply Dept., Light, Gas & Wa- 
ter Div., 488 N. Dunlap St., 
Memphis, Tenn. (Jan. R 

Schmerber, Louis J., Supt. of 
Sanitation, , Gila County Health 
Dept., Globe, Ariz. (Jan. ’58) PD 

Scottsburg Dept. of Water- | 
works, Robert Readon, Supt., 500 
S. Hyland St., Scottsburg, Ind. 
(Corp. M. Oct. ’57) 

Seeger, John C., Jr., San. Engr., 
Portland Cement Assn., 
Chicago 10, Ill. (Jan. 
58) P. 

Senior, i & Bronkie, Robert 
T. Bronkie, Partner, 5757 Main 
St., Williamsville 21, N. Y. (Corp. 
M. Jan. RPD 

Smith, Garfield E., Chief Engr., 
Chester Valley Engrs., 159 W. 
Lancaster Ave., Paoli, Pa. (Jan. 
58) PD 

Stavrou, Constantine, Asst. Supt., 
Water Dept., 300 Walton Ave., 
South Orange, N.J. (Jan. ’58) 

Stricklan, James B., Asst. Chief 
Engr., Pumping Stations, Light, 
Gas & Water Div., Memphis, Tenn. 
(Jan. MR 

Stunkard, Joseph, Chief Engr., 
Water Works, Brazil, Ind. (Jan. 


superior coagulation in cold 


water months with N-SOL ‘ 


activated silica (N-Sol*) is used as the coagulant aid. 
Floc formed is large, tough and fast-settling. This 
winter get better water quality at a saving. 


Ask for samples and directions (#52-23A) to make jar tests. 


*N-Sol is prepared in your plant with N sodium silicate 
and a reacting chemical. No charge for license under our 
N-Sol process patents. 


PHILADELPHIA QUARTZ COMPANY 
1142 Public Ledger Bldg., Phila. 6, Pa. 


TRADEMARK(S) REG. U.S. PAT. OFF. 


Longer filter runs of brilliantly clear water result when 
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Talbot, William F., Supt., Water 
Dept., 305 E. —— Williams- 
port, Ind. (Oct. ’57) 

Tucker, Sam, City Engr., 837 E. 


Jefferson St., Phoenix, Ariz. (Jan. 
°58) MRD 
Tutwiler, Thomas H., Distr. 


Engr., Light, Gas & Water Div., 
179 Madison Ave., Memphis, Tenn. 
(Jan. ’58) D 

Walsh, John H., Gen. Foreman, 


Water Dept., Wichita, Kan. (Jan. 
$8) D 

Weeber, Earl R., Cons. Engr., 
Hamilton, Weeber & Ward, 356 
Houseman Bldg., Grand Rapids, 

Wild, Albert Earl, 
Water Co., 114 S. ‘uh Couer 
d’Alene, Idaho (Jan. ’58) M 

Williamson, Edward Kenneth, 


Director, Public Works, El Dorado, 
Ark. (Jan. ’58) RD 

Winkel, Adrian P., Comr. of Pub- 
lic Works, Bd. of Water Comrs., 
Saint Paul, Minn. (Jan. *58) 

Yeiser, Ted M., Mgr., Plastic Pipe 
Tech. Services, Crescent Plastics, 
Inc., 955 Diamond Ave., Evans- 
ville 7, Ind. (Jan. ’58) D 

Zerfas, Howard R., Culligan Soft 
Water Service, 205 N. Commerce 
St., Portland, Ind. (Jan. ’58) P 


-Sol Processes” 


SOLUBLE SILICATES 


; 
silica) 
| 
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A single opera- 
tor easily su- 
pervises the en- 
tire water treat- 
ment process 
from this cen- 
tral control 
panel at the 
McAlester plant. 
All key varia- 
bles, including 
valve positions, 
can be quickly 
noted on the 
panel. 


Honeywell FiltermatiC* system brings 
HIGH-RATE, LOW-COST OPERATION 
to water plant in McAlester, Oklahoma 


With its new Honeywell FiltermatiC 
controlsystem, the recently modernized 
and expanded water treatment plant 
at McAlester, Oklahoma, is completely 
automatic. Control is centralized at 
the graphic panel shown above, so that 
one operator can supervise the entire 

rocess. The plant supplies 10 mgd to 
McAlester’s 22,000 residents, with 
treatment rate balanced precisely with 
demand. 


Supply is automatically regulated by 
three separate but interrelated control 
loops. One loop controls flow rate from 
the filters to the clear well, using a cas- 
cade system in which level changes at 
the clear well adjust the set point of 
each effluent controller. The second 
loop controls water flow to the filters 
to maintain a constant level. The 
third loop controls flow rate from the 


Honeywell 


Fost 


*A Tradename of Minneapolis-Honeywell Regulator Co. 


raw water intake to the clarifier, in 
accordance with changes in clarifier 


level. 


Treatment chemicals are automatically 
added in correct amounts through use 
of a Differential Converter which meas- 
ures raw water flow to the mixing basin, 
and activates flow accumulators, timers 
and converters. Dials on the graphic 
panel indicate any loss of head across 
each filter, and if feo loss exceeds six 
feet, an alarm sounds. The operator 
then simply presses a button to start a 
timer that automatically sequences the 
entire backwashing cycle. 


You can gain the many advantages of 
Honeywell instrumentation in your 
own plant. Your nearby Honeywell 
field engineer will be glad to discuss 
your needs with you and your Con- 
sulting Engineer. Call him today ... 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co. 


Industrial Products Group 


Brown Instruments, Wayne and Wind- 
rim Avenues, Philadelphia 44, Pa. 
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Index of Aduertisers’ Producis 


Activated Carbon Green 's eens Proportioneers, Inc. (Div., B-I-F 
Industrial Chemical Sales Div. Haye «4 Industries, Inc.) 
Permutit Co. Mueller Wallace & Tiernan Inc. 


Activated Silica Generato Brine-Making Equipment: —_— Comparators: 
Omega Machine Co. (Div., B-L-F Internationa! Salt Co., Inc. Klett Mfg. Co. 
Industries, Inc.) W. A. Taylor & Co. 
Wallace & Tiernan Inc. Calcium Hypochlorite: Wallace & Tiernan Inc. 
John Wiley Jones Co. Chlorine, Liquid: 


Aerators (Air Diffusers) : 4 i . 
American Well Works Carbon Dioxide Generators: John Wiley Jones Co 


Infilco Inc. Wallace & Tiernan Inc. 
Pome g vole Walker Process Equipment, Inc. Clamps and Sleeves, Pipe: 


Infilco Inc. Cathodic Protection: 


Permutit Co. Electro Rust-Proofing Corp. M. Greenberg’s Sons 


Walker Process Equipment, Inc. Cement Mortar Lining: Mueller Co. 

Allis-Chalmers g. a mi 

Turbine Co. Apparatus: Trinity Valley Ion & Steel Co. 
orthington Corp. Graver Water Conditioning Co. Clamps, Bell Joint: 


Alum (Sulfate of Alumina): Infilco Inc. ames hg & Sons 
American Cyanamid Co., Heavy | F. B. Leopold Co. resser Mig. Div. 
Chemicals Dept. Milton Roy Co. Clamps, Pipe Repair: 
General Chemical Div. Come Machine (Div., B-I-F ames D Sons 
t resser 
Ammente, Anhydrous: Permutit Co. Trinity Valley Iron & Steel Co. 


Proportioneers, Inc. (Div., B-I-F Clarifiers : 


Industries, Inc.) American Well Works 

Ammoniators: Ross Valve Mfg. Co. Chain Belt Co. 

Proportioneers, Inc. (Div., B-I-F | Simplex Valve & Meter Co. Cochrane Corp. 
Industries, Inc.) Wallace & Tiernan Inc. Dorr-Oliver Inc. 

Wallace & Tiernan Co., Inc. Chemists and Engineers: Etablissements Degremont 


Ammonium Silicofluoride (See Professional Services) General Filter Co. 


Graver Water Conditioning Co. 
American Agricultural Chemical Co. Chlorination Equipment: Infilco Inc. 


Brass Goods: Builders-Providence, Inc. (Div., | Permutit Co. 
American Brass Co. B-I-F Industries, Inc.) Walker Process Equipment, Inc. 


Switch to 


ANTHRAFILT’- 


the MODERN 
All-Purpose Filtering Medium 
was Anthrafilt Offers Many — 
Advantages Over Sand and Quartz 


@ DOUBLES length of filter runs. 
@ REQUIRES only half as much wash water. 
@ KEEPS Filters in service over longer periods. 


@ INCREASES Filter output with better quality 
effluent. 


@ GIVES better support to synthetic resins. 
@ PROVIDES better removal of fibrous materials, 
bacteria, micro-organic matter, taste, odor, 
ines etc. 
ES OARLEY & C0. @ IDEAL for industrial acid and alkaline solutions. 
4 @ EFFECTIVE filtration from entire bed. 
Ghisage 12, tWliseis Ze @ LESS coating, caking or balling with mud, lime, 


WRITE TODAY PALMER FILTER | EQUIPMENT co. 
For P.O. Box 1696—822 E. 8th St., Erie, Pa. 


Representing: 
108 PAGE CATALOG ANTHRACITE EQUIPMENT CORP. 


W.S. DARLEY & CO. Chicago 12 Anthracite Institute Bidg., Wilkes-Barre, Pa. 


% 
on 
iron, Or manganese. 
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RING-TITE 


RING-TITE ASBESTOS- 
CEMENT PIPE LINES 


For installing M&H Valves and 
Hydrants in a Ring-Tite asbestos- 
cement pipe line, specify valves 
or hydrants with Ring-Tite end 
connections. The connecting ends 
of the valve or hydrant are espe- 
cially designed to enclose a round 
rubber ring gasket when the end 
of Class 150 Ring-Tite pipe is 
inserted, as illustrated in sketch 
above. Non-rising-stem gate 
valves with Ring-Tite end con- 
nections are available either with 
conventional or “O”’-Ring stuff- 
ing box. 

Installation is easy and simple. 
Unskilled workmen can make up 
the connection quickly and eco- 
nomically. No special fittings nor 
extra joint materials are required. 
The joint is tight against low or 
high pressure. For full informa- 
tion, wire or write 


VALVE) 


AND FITTINGS COMPAN 


“ANNISTON, ALABAMA 


SASASSSS} | 
VALVES & HYDRANTS FOR | 
at 
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Condensers: 
Alco Products, Inc. 
Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Contractors, Water Supply: 
Layne & Bowler, Inc. 
Controllers, Liquid Level, 
Rate of Flow: 


Builders-Providence, Inc. (Div., 
B-I-F Indus 

Foxboro Co. 

General Filter Co. 

Infilco Inc. 


Minneapolis-Honeywell Regulator 
Co. 


Simplex Valve & Meter Co. 
Sparling Meter Co. 
Copper Sheets: 
American Brass Co. 
Copper Sulfate: 

General Chemical Div. 
Tennessee Corp. 
Corrosion Control: 
Alco Products, Inc. 
Calgon Co. 

Industrial Chemicals, Inc. 
Philadelphia Quartz Co. 
Couplings, Flexible: 
DeLaval Steam T 

Dresser Mfg. Div 
Diaphragms, Pump: 
Dorr-Oliver Inc. 
Engines, Hydraulic: 
Ross Valve Mfg. Co. 
Engineers and Chemists: 
(See Professional Services) 
Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 
Calgon Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 


Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 


Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 
Anthracite Equipment 
Carborundum Co. 

Dicalite Div. 

General Filter Co. 
ille Corp 
ohns-Manville . 
Nocthers Gravel Co. 
Permutit 

Stuart Corp. 

Filters, incl. Feedwater: 
Cochrane Corp. 

Dorr-Oliver Inc. 
Etablissements Degremon 
Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 


Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 
Roberts Filter Mf 


. Co. 
Ross Valve Mfg. 
Filtration Plant Equipment: 
Builders-Providence, Inc. (Div., 
I-F Industries, Inc.) 
Chain Belt Co. 
Cochrane Corp. 
Etablissements 
Filtration Corp. 
General Filter 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 


id Co. 
Machine Co. (Div., B-I-F 
Industries, Inc.) 


ADVERTISERS’ PRODUCTS 


Permutit Co. 
Roberts Filter M 
Simplex Valve & 
Stuart Corp. 
Wallace & Tiernan Inc. 
Fittings, Copper Pipe: 
Dresser Mfg. Div 

M. Greenberg’s Sons 

Hays Mig. Co. 

Mueller 

Fittings, Tees, Ells, etc.: 
Alco Products, Inc. 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 

Crane Co. 
Dresser Mfg. Div. 

M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Flececulating Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

F. B. Leopold Co. 

Permutit 

Stuart Corp. 

Fluoride Chemicals: 

American Agricultural Chemical Co. 

Tennessee Corp. 

Fluoride Feeders: 

Milton Roy Co. 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 


> Co. 


Simplex Valve & Meter Co. 

Sparling Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 


Builders-Providence, Inc. (Div., 
B-I-F Industries, 
Burgess-Manning Co., Penn In- 


struments Div. 
Foxboro Co. 
Infilco Inc. 
Regulator 


os. G. Pollard Co., Inc. 

implex Valve & Meter Co 
Wallace & Tiernan Inc. 
Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Stee! Co. 
Gaskets, Rubber 

Jones B. Clow & Sons 
ohns-Manville Corp. 

Gates, Shear and Sluice: 
Armco Drainage & Metal Products, 


Inc 
Clanton Valve Mfg. Co. 
foes B. Clow & Sons 
ueller Co. 
R. D. Wood Co. 


Proportioneers, Inc. (Div., B-I-F | 
Industries, Inc.) | 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Infilco Inc. 

Minneapolis-Honeywell Regulator 
Co. 
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Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Worthington Corp. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 

Goosenecks (with or without 
Corporation Stops): 

ny B. Clow & Sons 


ays Mfg. Co. 
Mueller 
Hydrants: 


sees B. Clow & Sons 
arling Valve & Mig. Co. 
M. Greenberg’s Sons 
Kennedy Valve Mfg. Co. 


eg Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 


A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 
R. D. Wood Co. 
Hydrogen ton Equipment: 
W. A. Taylor & Co. 
Wallace & Tiernan Inc. 
Hypochlorite; see Calcium 
Hypochlorite; Sedium Hy- 
pochlorite 
Ion Exchange Materials: 
Allis-Chalmers Mfg. Co. 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Iron, Pig: 
Woodward Iron Co. 
Iron Removal Plants: 
American Well Works 
Chain Belt Co. 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Jointing Materials: 
Hydraulic Development Corp. 
Corp. 
easbey & Mattison Co. 
Leadite Co., Inc. 
Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 


| R. D. Wood Co 


Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Permutit Co. 

Wallace & Tiernan Inc. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 

Dresser Mfg. Div. 


| | 
| 
| | | 
| 
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General Filter? 


INSTALLATION SUPE 
engineers” each installatic 
Speciticotion . . . supervi 
personnel who will work wif 
OPERATIONAL DEPE 
GeneralFiltes has conc 
“better woler treatm: 
water treating plan 
dependable. 


GR 


yeors providing “better water” with minimum 
longer trouble-free, smoother operation. 


General dfite ilter Company 


. better water 


ie BION . .. General Filter “job- 
. the installation and trains the 
————— BILITY . . . for twenty years 
rated all of its efforts toward 
equipment that are completely 
ENGINEERING KNOW-HOW... OMY ... the only real test of economy is 
eral Filter’s design and construction engi- a up over the 
neers cre familiar with the problems in- maintenance, 
volved in water treatment. 
Find out why you should specify 
General Filter Write today for 
detailed information regarding your a 
water treatment problems. : 
ABBATORS FILTERS TASTE AND ODOR + ALKAUNITY CONTROL + HIGH CAPACITY 
REEINOUS ZEOUTE - ION RUST REMOVAL + DEMINERALIZATION + SOFTENERS 
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Ford Meter ae Co. 
Mig. 


er Co. 
Pittsburgh Equitable Meter Re. 
Worthington-Gamon Meter Co 


Meter Reading and haved 


Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

B r Meter Mfg. 

ersey } 

Neptune 

Pittsburgh Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Co. 

Hersey M ig. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Statioa, 
Transmission Line: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Foster Eng. Co. 

Infilco Inc. 

Minneapolis-Honeywell Regulator 


Co. 


‘0. 
Simplex Valve & Meter Co. 
ling Meter Co. 


Meters, Industrial, Commer- 


cial: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, 
B-I-F Industries, Inc.) 


Inc. (Div., 


Burgess-Manning Co., Penn In- 
struments Div. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Well Machinery & Supply Co. 
Worthington-Gamon er Co. 
Meter Repair Parts 
Meter Specialty Co. 
Mixing Equipment: 
Chain Belt Co. 
General Filter Co. 
Infilco Inc. 
F. B. Leopold Co, 
Paints: 
Barrett Div. 
Inertol Co., Inc. 
Co., Inc. 
Asbestos-Cement: 
Johny Manville Corp. 
easbey & Mattison Co. 
Pipe, Brass: 
American Brass Co. 
Pipe, Iren (and Fittings): 
Alabama P 
American Cast Iron P Co. 
Cast Iron Pipe Research Assn. 
ames B. Clow & Sons 
rinity Valley Iron : Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Pipe, Cement Lined: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
States Pipe & Foundry C 
nit tates Pi ow 0. 

R. D. Wood 


ADVERTISERS’ PRODUCTS 


Pipe, Concrete: 
American Concrete Pressure Pipe 


American Pipe & Construction Co. 
Lock Joint Pipe Co. 

Pipe, Copper: 

American Brass Co. 

Pipe, Steel: 

Alco Products, Inc. 

Armco Drainage & Metal Products, 


Inc. 
Bethlehem Steel Co. 
Pipe Cleaning Services: 
National Water Main Cleaning Co 
Pipe Cleaning Tools and 
Equipment: 
Flexible Inc. 
Pipe Coatings and Linings: 
American Cast Iron Pipe Co. 
Barrett Div. 
Cast Iron Pipe Research Assn. 
Centriline Corp. 
Inertol Co., 
Koppers Co., 
Reilly Tar & Chemical Corp. 
Cutters: 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
Pipe Jointing Materials; see 
Jointing 
Pipe Locators: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Plugs, Removable: 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
Potassium Permanganate: 
Carus Chemical Co. 
Pressure Regulators: 
Allis- Mfg. Co. 
Foster Eng. 
Golden- Valve Specialty Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Layne & Bowler Pump Co. 
Worthington Corp. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co 
American Well Works 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Worthington Corp. 
Pumps, Chemical Feed: 
Infilco Inc. 
Milton Roy Co. 
Proportioneers, Inc. (Div., 
Industries, Inc.) 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Layne & Bowler Pump Co. 
Worthington Corp. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
W. S. Rockwell Co. 
Wallace & Tiernan Inc. 
S. Darley & Co. 
G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. 
DeLaval Steam ‘Co. 


B-I-F 
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C. H. Wheeler Mfg. Co. 

Worthington Cap. 

Pumps, Sump 

DeLaval Steam Turbine Co. 

Layne & Bowler Pump Co. 

C. H. Wheeler Mfg. Co. 

Worthington Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc. 

Layne & Bowler Pump Co. 

Recorders, Gas Density, 
NHzg, ete.: 

Permutit Co. 

Wallace & Tiernan Inc. 

Recording Instruments: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Burgess-Manning Co., 
struments Div. 

Infilco Inc. 

Minneapolis-Honeywell Regulator 
Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Bethlehem Stee! Co. 

Coleus Bridge & Iron Co. 
. D. Cole Mfg. Co. 

RS Tank & Mfg. Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sparling Meter Co 

Sand Expansion Gages; 
Gages 

Sleeves: see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General Filter Co. 

Graver Water Conditioning Co. 

Permutit Co. 

Sodium Chloride: 

International Salt Co., Inc. 

Sodium Fluoride 

American Agricultural Chemical Co. 

Sodium Hex: tap Pp 

Calgon Co. 

Sedium Hypochlorite: 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Sodium 

American Agricultural Chemical Co. 

Tennessee Corp. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

Cochrane Corp . 

General Filter Co. 

Infilco Inc. 

International Salt Co., Inc. 

Permutit 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Tank & Mig. Co. 


(Div., 
Penn In- 


| | 
Hersey Mig. Co. A 
| | 
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The New Simplici 


"MN", New Economy 


. New 


—in 
Measuring Flow 
Through 
Open Flow Nozzles 


The BURGESS-MANNING 
Type “MN” Meter 


eliminates: 
Stilling well and cover 


Connecting pressure piping 
and fittings 


Cleaning valves 

Sediment traps 

Back flushing requirements 
Float cable 

Clear water for flushing 


Space and concrete work 
needed for above 


Here is a distinct advance in the art of 


measuring flow of liquid under gravity Think of the savings! 
conditions. Here is accurate measure- ’ 

ment of flow at all times. Here is a Think of the 
method of measurement that is free of elimination 


troublesome and highly objectionable of maintenance! 


Write for 
Burgess-Manning “MN” Meter Bulletin 


~BURGESS-MANNING COMPANY 
Penn Instruments Division 


4124 Haverford Ave., Philadelphia 4, Pennsylvania 


Feb. 1958 
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Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Steel Plate Construction: 
Alco Products, Inc. 
Bethlehem Steel Co. 
& Iron Co. 
D. Cole Mig. Co. 
Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Hays Mfg. Co. 
Mueller Co. 
Storage Tanks: see Tanks 
Strainers, Suction: 
ae B. Clow & Sons 
. Greenberg's Sons 
R. D. Wood Co. 
Surface Wash Equipment: 
Cochrane Corp. 
Permutit Co. 
Swimming Pool Sterilization: 
Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 
Omega Machine Co. (Div., B-I-F 


Industries, Inc.) 
Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 
Wallace & Tiernan Inc. 
Tanks, Steel: 
Alco Products, Inc. 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Tank & Mig. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Machines: 


A. P. Smith Mfg. Co. 
Tapping Machines, Corp.: 
Hays Mfg. 
Mueller 
Taste Har Odor Removal: 
Builders-Providence, Inc. 
B-I-F Industries, Inc.) 
Cochrane Corp. 
General Filter Co. 
Graver Water Conditioning Co. 
Industrial Chemical Sales Div. 
Infilco Inc. 
Permutit Co. 
Proportioneers, Inc. 
Industries, Inc.) 
Wallace & Tiernan Inc. 
Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 
Wallace & Tiernan Inc. 
Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Turbines, Water: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Valve Boxes: 
ames B. Clow ss Sons 
ord Meter Box Co 
M & H Valve & Fittings Co. 
Mueller Co. 
— Valve Co. 
P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 
R. D. Wood Co. 


(Div., 


(Div., B-I-F 


Valve-Inserting Machines: 
Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 
Golden-Anderson Valve Specialty Co. 


ADVERTISERS’ PRODUCTS 


Rockwell Co. 
SE Valve Mfg. Co., Inc. 
S. Morgan Smith Co. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mig. Co. 

James B. Clow & Sons 

DeZurik Corp. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Valves, Float: 
James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

W. S. Rockwell Co. 
Ross Valve Mfg. Co., 


Valves, Gate: 
Chapman Valve Mfg. Co. 
James a Clow & Sons 
Crane C 
Daring Valve & Mfg. Co. 
DeZurik Corp. 
Dresser Mfg. Div. 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
S. Rockwell Co. 

i Smith Mfg. Co. 

. Wood Co. 


Hydraulically Oper- 
(Div., 


Inc. 


Valves, 
ated: 

Builders-Providence, _ Inc. 
B-I-F Industries, Inc.) 

Cinemas Valve Mfg. Co. 

. Clow & Sons 

Crane 

Darling Valve & Mfg. Co. 

DeZurik Corp 

Kennedy Valve 

F. B. Leopold 

M & H Valve e Fittings Co. 

Mueller Co 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

Ss. M Smith Co. 

R. D. Wood Co. 
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Valves, Large Diameter: 
Chapman Valve Mig. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. 
Golden-Anderson Valve Srecialty Co. 
Kennedy Valve Mfg. 

Ludlow Valve ye Inc. 
M & H Valve & ittings Co. 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 


. Smith Mfg. 

S. Morgan Smit 

R. D. Wood Co. 

Valves, Regulating: 

DeZurik Corp. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 

Minneapolis-Honeywell Regulator 
Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co. 

S. Morgan Smith Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co. 

Golden-Anderson Valve Specialty Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Venturi Tubes: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Waterproofing: 

Barrett Div. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Water Softening Plants; 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

W. A. Taylor & Co. 

Wallace & Tiernan Inc. 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

General Filter Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite: see ion 
Materials 


Inc. 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1957 AWWA Directory. 
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It takes just two steps to assemble the FLUID-TITE Coup- 
ling. Lubricate the tapered edge of the gasket. Then 
slide in the pipe. 


Major Advance in Woterworks Industry. K&M’'s exclusive 
FLUID-TITE Coupling provides permanent, water-tight, root- 
tight connections. 


SLIDE IT IN QUICK... 
IN 2 EASY STEPS 


IT’S “KaM” ASBESTOS-CEMENT PRESSURE PIPE WITH EASY-TO-INSTALL 
FLUID-TITE COUPLING 


Installation is fast and economical! It 
doesn’t require skilled labor, heavy 
machinery, or heavyweight coupling 
pullers. Install it in any weather. 

The seal grows tighter as the pressure 
climbs! Coupling rings expand as 
water mains fill. Rings have holes 
on one side for self-energizing action. 
It’s practically indestructible! “K&M” 
Asbestos-Cement Pressure Pipe is 
non-tuberculating, non-electrolytic, 


and corrosion-resistant. Its first cost 
is often the last cost. Pressure re- 
mains normal—pumping costs stay 
low. 

Write today for more information. 


KEASBEY & MATTISON 
COMPANY * AMBLER + PENNSYLVANIA 
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The World’s First Sealed Register Water Meter 


Everything about the Rockwell Sealed Register 

Water Meter makes history. Makes sense, too. 

It’s the first water meter to operate successfully 

without a troublesome stuffing box. A simple, 

powerful magnetic coupling does this work— 

without friction, binds or leaks. The hermetically 

sealed register forever eliminates condensation 

problems that often make ordinary meter reg- 

isters hard to read. Ends corrosion problems, too. 

Even Rockwell has never made a more accu- 

rate meter. It requires less maintenance than any 

Hermetically Sealed Register meter you have ever used. And it’s tamperproof. 

Never Fogs—Always Easy To Read The cost? No more than an ordinary meter— 

All the register nik sadditin a“ actually less than meters now fitted with special 

sealed. teal be types of registers. Write for bulletin. Rockwell 
Manufacturing Company, Pittsburgh 8, Pa. 


© 


Rockwell Sealed Register Water Meter 
With Powerful Magnetic Drive 


stuffing box. 


| 
3 


The solution to this problem is always the same . . . but 
Water Treatment Problems are different 

No two water treatment problems are exactly alike. The right solution to each 
can only be arrived at after a careful study of the local conditions. Variables such 
as raw water composition, rate of flow and results required automatically rule out 
the cure-all approach. The installation shown below is a good example of how 


equipment should be selected to fit the job... 


comprise the first stage treatment, are visible ot the left. 
The treatment plont containing two Squarex 
Clarifiers and two Flocculator Units are at the lower right. 


and not vice versa. 


Louisville, Kentucky 
Adds More Dorr Squarex Clarifiers for Increased Capacity 


One hundred years ago the Louisville Water Com- 
pany began construction of their water plant facilities 
with the erection of their first pumping station. In 
the early thirties six Dorrco Flocculator Units were 
d for gulation with a design capacity of 60 
MGD. In 1945 two type SZ Dorr Squarex Clarifiers, 
each 200’ square, and two Flocculator Units for 
basins 176’ long, were installed inaugurating Louis- 
ville’s softening treatment plant. 
By 1954 rapid population increases necessitated a 
proportionate increase in water supply requirements, 


and four Dorr Squarex Clarifiers, each 150’ square, 
were installed in the first stage increasing the design 
capacity to 160 MGD. 

Two additional Dorr Squarex Clarifiers, each 200’ 
square, and two type P Flocculator Units, for 
basins 179’ long and 50’ wide, have been 
which will provide softening for 160 MGD. 

If you would like more information on the com- 
plete line of Dorr-Oliver Water Treatment Equip- 
ment, write Dorr-Oliver Incorporated, Stamford, 
Conn., for a copy of Bulletin No. 9141. 


Every day over 8% billion gallons of water are treated by Dorr-Oliver equipment 


Squvarex and Flocculator trademorks reg. U. S. Pot. Off. 


WORLD - WIDE RESEARCH 


ENGINEERING + 


EQUIPMENT 


Aerial View of the Crescent Hill Purification Plant ot vig 
Louisville, Kentucky. The lorge reservoir in the upper right 
ects os pre-sedimentation basin. The four Dorr 
Sqvorex Clarifiers and the six Flocculator basins, which 
B. E. Payne: chief engineer and superintendent. Consult- - 
ing Engineers: Alvord, Burdick & Howson, Chicago, Illinois oy 


Jointed for ... 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


100 LBS. 


‘ 
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